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There’s power in the atom... 
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Sand cast in aluminium alloy. 
Diameter 49}”, maximum depth 
193", fettled weight 536 lb. 


and strength in BIRMAL 


This is a very special casting. Somewhere behind the 
creation of atomic power it has an important 

part to play in the production and processing of fuel. 

Birmal excel in large complex castings of this 

kind for both the atomic and the engineering industries. 

A background of more than half a century’s 

experience lies behind their choice of materials and processes. 
The benefits of this knowledge and experience are 


available to all industries where the quality of castings count. 


You get more than a casting from < 





Birmingham Aluminium Casting (1903) Co. Ltd. 


BIRMIDB WORKS SMETHWICK BIRMINGHAM 40 

















TYPES | SPEED POSSIBLE 
OF FEED | RANGES | COMBINATIONS 





MODEL ‘I’ 
HORIZONTAL MILLER 





6) With automatic cycle. 





WHY PAY FOR ‘SPECIAL’ FEATURES YOU MAY NEVER USE? 


When you equip with A & S Model ‘1’ Millers you choose from 4 ranges of 
speeds and 6 different feed arrangements the best combination* for a particular 
job. Both hand-feed and automatic types can however be supplied with special 
attachments for special operations. No other small milling machine offers 
similar versatility or higher production capacity for so wide a range of work. 


TABLE 26’ x 7’ 

LONGITUDINAL TRAVERSE : 
VERTICAL TRAVERSE 

TRANSVERSE TRAVERSE = 5}’-6’ 


*With the A & S Model ‘1’ brochure 
in front of you, you would know 
exactly what we mean. 


Write for illustrated leaflet 


ADCOCK & SHIPLEY LTD 


P.O. Box 22, Ash Street, Leicester. Telephone : Leicester 24154-6. Telegrams & Cables ; Adcock, Leicester. 










The Institution of Production Engineers Journal 


whatever 
your 
product... 









can Offer a 
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The Birmingham Tool & Gauge Company 
offers an unsurpassed service to an ever- 
increasing number of manufacturers in 
diverse fields of metal working. Although 
primarily manufacturers of special cutting 
| tools of every description, both in High 
Speed Steel and Tungsten Carbide, our 
capacity embraces high quality precision 
engineering work and the manufacture of 
jigs, fixtures and inspection gauges. The 
same rigid adherence to meticulous 
standards of quality and finish that has 
always been reflected in our range of cutting 
tools, for which we have been renowned for 
nearly half a century, is now strictly 
observed in our new fields of activity. 





BIRMINGHAM TOOL & GAUGE CO. LTD 


SOHO HILL, HANDSWORTH, BIRMINGHAM 19 
Telephone: NORthern 3344 Telegrams: Relief, Birmingham 19 


London Office: 26 Holborn Viaduct, London, E.C.1 
Telephone: Fleet Street 6454 Telegrams: Birmtool, Cent, London 






Beardmore 
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PUZZLE CORWER 7 


Maybe some modern art is bewildering; but let’s be 
fair Perhaps if you were as skilled in art appreciation as 
you are in production engineering, you could answer this 
one too. 


We pride ourselves at Webster and Bennett that we 
know most of the answers when it comes to boring and 
turning, and our customers agree. In fact, our own 
“‘puzzle corner” is always busy translating customers’ 
drawings into machinable possibilities, and quite often 
remarkably favourable floor-to-floor times result. 


If you have to machine castings and forgings up to 
80” swing, perhaps we can help you. Send us drawings of 
your components; our technicians will be glad to submit 
production proposals. 


i 
| 
| 
' 
| 
é 
: 
i 
: 


A standard Webster and Bennett 
Boring Mill with 60” Chuck, ad- 
mitting 35” under the turret 
and 24” under the cross-slide 


| i 
Ca Ua Wa Ua Wa Wa Us i Wii Wi Wi i 


WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 





A GEARLESS GEARBOX 
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BORE My, 


This slogan means 
just what it says! 
For complete satisfaction 


— specify 


dust 
collection 
by 
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TEXTILE MACHINERY 
AND ACCESSORIES 


» exhibition 






BELLE VUE MANCHESTER 
15-25 OCTOBER 1988 











SPENCER & HALSTEAD LIMITED 


BRIDGE WORKS - OSSETT : 


YORKSHIRE 


TELEPHONE: OSSETT 621-4 - TELEGRAMS: SPENSTEAD 
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clearly another 
outstanding 
OMI achievement 





MODEL WP 100 LARGE CAPACITY 
UNIVERSAL PROJECTOR 


Versatility is the keynote of the new O.M.T. WP 100 
Projector developed as the result of extensive market re- 
search into engineers’ current and envisaged requirements 
for critical measurement and inspection of an extremely 
diverse range of products. 

Templates, gears, cam forms, broached parts, screw threads, 
hobs, cutters, are but few of the components which may be 
accurately checked by the profile projection system while 
surface examination of material for texture, finish, corrosion 
and wear are applications of the episcopic projection unit 
which also facilitates accurate measurement of blind holes 
and inspection of recessed components or work produced by 
die sinking processes. 

An important feature of the WP 100 is that the overall sharp- 
ness and accuracy of the projected image, which is not 
inverted, permits critical comparison of contours with en- 
larged drawings mounted on the 60” x 40” screen, and visual 
finishing of plate gauges, contours, etc., during projection. 


4 projection lenses giving 10x, 20x, 50x and 100x magnifications 


lenses and condensers turret-mounted for rapid magnification changes 


magnification adjustable to compensate for contraction or expansion 
of materials 


mirror system totally enclosed 
exceptional rigidity provides adequate support for heavy fixtures 








A PRODUCT OF OPTICAL MEASURING TOOLS LIMITED 


full details on request to 


NEWALL GROUP SALES LIMITED 


PETERBOROUGH Telephone 3227 MAIDENHEAD Telephone 31704 
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Instantly 
Adjustable! 


10-TON 
CAPACITY! 


Priced as per 
low as £ section 
SERIES 


~ 500" Boltless!.. 
STORAGE - Safel.. fel. Rigid! ! 
RACKS 


Only 3 basic parts—a sturdy 3%” steel channel upright, 
heavy-duty channel shelf arms and side brace angles— 
make Series “500” the most adaptable, easy-to-erect and 
easy-to-adjust rack for pallet, shed or deck-type storage! 

















@ No bolts or clips or special tools required. 
e Assemble or change in a matter of minutes. 
e 10-ton capacity per section. 
e Shelves adjust on 9” centers. 
e No back bracing! Load from either side! Write today for Bulletin! A Rack Engineer 
will gladly call and recommend answers 
“Price at maximum quantity discount to your storage problems! No obligations! 





RAC TK 408A Montrose Ave. Slough, Bucks 


PLANTS: SLOUGH, ENGLAND «+ FARNHAM, P.Q. CANADA «+ CONNELLSVILLE, PA., and GARDENA, CALIF., U.S.A. 
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HYDRAULICS I N ENGINEERING 


We at Keelavite are a team of experts in the design, 
installation and maintenance of complete hydraulic 
systems. We are ready to accept full responsibility for 
the proper working of all our installations, including 


all electrical or other control equipment. 


Not only this, we are the manufacturers of the largest 


range of hydraulic units in the United Kingdom. 


We are, of course, fully experienced in special applica- 


tions of hydraulic power for the engineering industry. 


G5 3 A 
THE RECOGNISED AUTHORITY 





Hydraulics 


GENERAL ENGINEERING DIVISION 


KEELAVITE ROTARY PUMPS & MOTORS LTD. 
582 ALLESLEY, COVENTRY Telephone: Meriden 441 
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WORLDS FINEST COMPLETE 
SPECIALISED SCREW SERVIC 
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\ You never notice a screw 
pont when it does its job. 
| : When it doesn’t, you wish you’d 
specified Unbrako. 
Make no mistake, you can always specify 
Unbrako. 
There is a huge standard range to choose from, but if 
you need something really unusual, Unbrako will work to 
your specification or design a special screw in B.A., 
B.S.W., B.S.F., metric and unified. 
: Unbrako technicians are fastener-minded. What’s 
“a \ more, they are enthusiastic and helpful people, 
\ a* men who really know their job. They make the 
xX 
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best screw that money can buy — a screw you 
= can fit and forget. Details of sizes and threads 
will gladly be supplied on request. 


‘ 


ATLL 


UNBRAKO SOCKET SCREW CO. LTD., COVENTRY, ENGLAND 
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A typical set-up showing a 
milling cutter undergoing the 
SPARCARD surface harden- 
ing treatment. 





surface hardening process 


Specially developed as a result of spark machining research, 
the SPARCARD machine provides certain high speed steel 
tools such as milling cutters, with hard wear resistant surfaces, 
and prolongs life between regrinds. 


(We have installed equipment for treating cutters by the 
SPARCARD process to customers’ demand). 










All 





Spark machining a deep form 
die on the SPARCATRON 
Mk III machine, above. 


SPARCATRON 


spark erosion machining 


For spark machining and reconditioning press tools and dies 
and wire drawing and extrusion dies in cemented carbides 
and hardened steels. There are extensive applications for 
“cutting,” reconditioning. or altering flat and tangential 
form tools and similar components. 


Manufactured by Impregnated Diamond Products Ltd. 


S$P6 





SOLE AGENTS GT. BRITAIN & N. IRELAND. 
BURTON GRIFFITHS & CO LTD: KITTS GREEN : BIRMINGHAM 33 


Telephone:- STECHFORD 3071 
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SAMUEL OSBORN & CO., 





Do your operators a good 
turn by providing them with Osborn 
cutting tools and you will do 
yourself a good turn by increasing 
efficiency and output. 

An extensive range of lathe and 
planer tools in solid or butt-welded 
high-speed steel and ‘Osbornite’ 
hard metal, together with toolholder 
bits, are produced throughout, from 
raw material to finished product, 


within the same organization. 


S.0.B.V. .« 


0S$BORN 
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Fine Steelmakers + Steelfounders - Engineers’ Toolmakers 
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A bistrcdegl 
DIE-SET PILLARS AND BUSHES 
GUIDE PINS AND BUSHES 


INJECTION AND PRESSURE MOULDS 


Nitrided pins and 
bushes are essential 
in any die or mould 
operating under heat! 


Nitrided cases do not 
soften! 


Nitrided parts are not 
self tempering! 





Nitrided parts stay 
hard indefinitely even 
through repeated 
cycles up to 500° C. 

















BRITISH AERO COMPONENTS tre 
MONTAGUE ROAD WARWICK ENGLAND 


fhe too ore 9 Ue Tel. Warwick 320 Telegrams ‘Aeroparts’ Warwick 
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Spiral Bevel and Hypoid Gears offer many advantages for right angle 
drives where high efficiency smooth and silent running are required. 
E.N.V. specialize in the design and manufacture of straight and curved 
tooth bevel gears. They offer collaboration with engineers from the 
project stage on the design of gears and mountings. They have unique 
facilities for the large-scale manufacture of transmissions including 
final drives, differentials and axles for vehicles and agricultural 
equipment, precision gears for aircraft and gears for industrial applications. 


for gears 


E.N.V. ENGINEERING COMPANY LIMITED §% Ye HYTHE ROAD, WILLESDEN, LONDON, N.W.10 
Telephone : %\du0m/y LADbroke 3622 
ui" AP 265-56 








ele F-h ta 
cutting tools 
are 


WM JESSOP & SONS LTD ste J J SAVILLE & CO LTD 


BRIGHTSIDE WORKS SHEFFIELD TRIUMPH WORKS SHEFFIELD 


ALL ENQUIRIES TO: SMALL TOOL WORKS PORTLAND ST SHEFFIELD 6 TELE 20224 
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15 minutes—and the die is cast! 


low electrode wear and a good surface finish for dies, 


In quarter of an hour this heading die was shaped 
from hardened high-speed steel. Besides being speedy 
and accurate, the method was simple; electro-erosion 
by GKN SPARK MACHINE. 

GKN electro-erosion greatly speeds and simplifies the 
cutting of complex shapes. It eliminates the difficulties 
involved with hard-to-handle materials such as hard- 
ened steels and tungsten carbide. 


GKN Spark Machining gives a high cutting rate with 


(o 


moulds, press tools and form tools in designs of an 
intricate nature. It is extremely simple and safe in 
operation. Accuracy ? In general, a tolerance of .002” 
can easily be held and if required this can be reduced 


on 2 


to .001” or even .0005”. 
If you would like to know more about GKN Spark 
Machining, please get in touch with Welsh Metal 


Industries or Sales Agents. 


Xl spark machine 


DESIGNED BY THE GKN RESEARCH LABORATORY 


Manufa lured by 


WELSH METAL INDUSTRIES LTD. Caerphilly, Glamorganshire. 


Sales Avents , 


M. C, Layton Limited, g6-g8 Victoria Street, London, 8.W.1 


* Rudkin & Riley Limited, Cyprus Road, Aylestone, Leicester 
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PAT A 
THROW -AWAY 
TOOL HOLDER 


Simple 
* Sturdy 
* * Compact 
+ + * Efficient 
* * * * Exclusive 
spring lifted three-step 
chipbreaker 
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FROM BRITISH OXYGEN - FOR BRITISH INDUSTRY 








NOW 
YOU CAN CUT 
ALUMINIUM 








The new Tungsten Arc Process, 
shielded by an inert gas mixed with hydrogen, 
makes possible cutting speeds of up to 

200 inches a minute! It deals speedily 

and accurately with aluminium 

and aluminium alloys to 1” thickness; 

gives cuts which are clean and need very little, 
if any, finishing. Use it for hand cutting 

in all positions: machine profiling; 

bevelling; stack cutting; and plate edge 
preparation. You'll find it a real investment 

in production efficiency. 
















Write for fully illustrated literature 

















British Oxygen Gases Ltd., industrial Division, 
BRiITIsE ox yYGEN | Spencer House, 27 St. James's Piace, London, S.W.1. 
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Max Am 
launches his 


own company 





MAXAM POWER LIMITED 


Camborne, Cornwall. Telephone: Camborne 2275 (10 lines) 


44 Brook Street, London W.1, Telephone: Hyde Park 9444 
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Maxam Power Limited 


Max Am’s a V.I.P. now. So many industries are using 
Maxam fluid power equipment that a new company has been 
formed —MAXAM POWER LIMITED. Remember the 
name—and send all enquiries to the addresses below. 





One of the companies of the world-wide 
Holman Group, which has agents, branches 
and technical representatives throughout 


the U.K. and in 84 other countries. 
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An ALL-R 


steel 









for 






service 


FOLLOW-ON};TOOL for lock parts}in 16-gauge 
mild steel. Die in Double Six die steel. Punches 
in K9 oil-hardening steel, 


) Sab 22455 


Edgar Allen K9 Die Steel was perfected in answer Photograph by courtesy of Messrs. Low & 
” " Fletcher Ltd , Combination Works, Church Street, 
to a demand for a non-shrinking steel easy to —a 


heat-treat, yet giving good long production runs. 


For most jobs where price or the less exacting 
nature of the work do not suggest the use of the 
more expensive die steels, you will be surprised 
how well K9 Steel will fill the bill. Write for full 


particulars of our complete range of Die Steels. 





Blanking Tool of K9 Steel with product, 


Edgar Allen « Co. Limited | 


TS20/IPE. 
To EDGAR ALLEN & CO. LTD. 
SHEFFIELD 9 


Please post data on K9 Die Steels to 





IMPERIAL STEEL WORKS - SHEFFIELD - 9 ome «aie nants . 

“ i : Position bisesaereueeeceeseneraneeaeeeee \ : 
Firm Pen ee eee in veethcnisebeuers if 
Address EE ee IF ip 
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Ford industrial engines are a_ practical 
proposition for many industrial equipments 
. .. Compressors, cranes, pumps, contracting 
equipment, earth borers, generators, railcars, 
welding plant, works trucks, tractors and 
conversions. Simple design, modern flow- 
line production methods and common 
interchangeable parts contribute to the 
low cost of these high efficiency engines. 
And remember, every Ford engine is fully 











a ; ‘ 
backed by a World-wide Spare Parts Service 
Wherever you are, whatever your problem, we 
are at your service. For further details of 
--4 
TS20/IPE. 
| 
to | 
) 
i 





and the equipments they power, contact your 
nearest Ford Dealer or write to 














industry 


Organisation. Take your choice from a 
wide power range... Diesel 30 to 86 
b.h.p. and Petrol 21 to 87 b.h.p. (12-hr. 
rating). 

DIESEL ECONOMY-—have you con- 
sidered the replacement of existing power 
units in your equipment and _ trucks 
with the famous Ford 4D Diesel engine? 
You'll have the unique advantages of 
economy, long-life and low running costs 
. . . plus the best service in the World! 


oe om 


INDUSTRIAL 
ENGINES 





FORD MOTOR COMPANY LTD - PARTS DIVISION - AVELEY DEPOT: SOUTH OCKENDON - ROMFORD - ESSEX - ENGLAND 





A22 


The Institution of Production Engineers Journal 





WAY UP | 














For many production jobs it is a distinct advantage to have your work piece vertically mounted on a vertical 
spindle lathe. This machine is simple to set up and load and extremely rigid. 
The VERTIMAX Vertical Spindle Production Lathe represents the best in this type of machine. Its features 


include an air-operated chuck and spindle brake, two independent and adjustable tool slides, which can be 





swung through any angle, infinitely variable hydraulic feed, automatic operation, grouped controls, and it 
takes the minimum of floor space. 


For a brochure giving full details of the VERTIMAX 
production lath , write to: 


CHARLES CHURCHILL !".con"*™ 


COVENTRY ROAD, SOUTH YARDLEY, BIPMINGHAM 25. BRANCHES: LONDON, GLASGOW, NEWCASTLE, MANCHESTER 
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High power/weight ratio 
Fast work 

Low running cost— 
that’s HOLMAN pneumatic tools 


The Holman Rotogrind — like all Holman tools — does a first-class job economically. 
It’s fast — 8000 r.p.m. at 80 Ibs. per sq. inch. It’s light — only 74 Ibs. without the wheel, 
and remarkably easy to handle for such a powerful tool. And it costs very little to run. 
It’s a Holman tool —so it’s built to last, and take heavy work in its stride. A simple, 
friction-free, cartridge-type motor . . . hard chrome plate on all parts that have to take 
heavy wear . . . the exclusive Holman blade-pressure control system — all these add up to 
long working life and the minimum running cost. And remember that running cost 

is the real cost of pneumatic equipment. 

You'll find there’s a Holman unit for practically every job in railway work. Chipping 
hammers, Rotodrills, portable and stationary compressors, rammers, scaling hammers 
and riveters; for sheer capacity and economy in use, you can’t beat a Holman. 


Holmar PAYS ... WITH ITS LIFE 


PNEUMATIC EQUIPMENT 


HOLMAN BROS. LTD., CAMBORNE, ENGLAND 


The Holman Group of Companies is world-wide and has-agents, 
branches and technical representatives throughout the United Kingdom and in 84 other countries. 
Telephone: Camborne 2275 (10 lines) Telegrams: Airdrill, Telex, Camborne. London Office: 44 Brook Street, W.1. Telephone: HY De Park 9444 HKIS 











ACCURACY 
ata glance 














With projection screens arranged on the bed, hori- 
zontal head and cross-rail, this extremely accurate 


jig boring and milling machine is capable of high 





output in large-capacity precision work. The 
projection screens show magnified images of the 
standard scale graduation lines, enabling a high 
degree of setting accuracy to be obtained together 
with exceptional ease of operation. 

The spindle running true to within .00005 inch 
(0.001 mm.) of very robust design revolves in rigid 


reinforced tapered roller bearings of GSIP manu- 





facture. 








For permanent working accuracy, the elevating 








screws of the cross-rail are hydraulically relieved 6) 


—_——>. 


Viewing screen on horizontal head. 





before being electrically driven, so that the upper 
fianks of the threads on which the cross-rail rests 


Viewing screen on bed, 
are not subjected to wear. 


The installation and service of this machine is 


carried out by the Area Engineers of Sogenique 
(Service) Ltd., under the GSIP guarantee. 
' Please write for literature or further informa- 


tion. 
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CONTROL CENTRES 


The newest concept for 


sao dew tll 


Desig” got 








100 ALDERSGATE STREET, LONDON E.C.I. 


Greater safety 

Buses are fully enclosed, rigidly supported and 
have ample cross section. Round vertical bus 
bars withstand mechanical stresses in all 
directions. Circuits isolated by individually 
enclosed plug-in units and horsepower rated 
load-break disconnect switches. 


Increased flexibility 

Individual units or complete sections can easily 
be added, removed, or exchanged. Designs are 
standardized. 


Installation economy 

Only one set of feeder cables required. Factory 
installed bus distributes power to branch 
circuits. Load side wires easily laid in handy 
wiring troughs. 


Neat appearance 
No unsightly grouping of separate pieces. 





modern industry 


A2? 


Square D introduces a completely new 
concept of multi-motor control—Class 
8998 Control Centres. They are speci- 
fically designed to meet the growing 
trend in modern industry towards cen- 
tralization of motor control equipment. 
Square D Control Centres are built up 
from interchangeable units, vertical sec- 
tions and bus bar structures of standard- 
ized design. This new concept gives all 
the benefits of standardization plus 
the flexibility to meet detailed 
customer requirements. 





Simplified maintenance 

Centrally located control units provide greater 
accessibility for systematic inspection and 
maintenance. 


Compact installation 
Each vertical 90 inch high section accommo- 


dates up to 6 combination starter units. Back- 
to-Back Construction requires no more space. 


Wute for Controt Contre Gulletin E998 


FIELD OFFICES—LONDON - 


BIRMINGHAM - MANCHESTER 


- GLASGOW 


SQUARE J) LIMITED 





Telephone: METropolitan 8646 


® sow 
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It’s well worth looking into because it’s a Plannair blower, and power for size, is the most 
effective you can find anywhere. In the aircraft and electronic fields, for cooling or heating, 
Plannair blowers have proved outstanding in numerous applications and are now being specified 
by design engineers in the electrical and engineering industries. 

This latest example of superior Plannair design is a two stage 6” blower (details of which are 
given below) providing manufacturers with a dynamic, effective answer to problems 
involving air movement. 

When you contact Plannair your problem days are numbered. The Company’s specialised 
facilities and helpful advice are freely available. All you have to do is —’phone Leatherhead 4091. 


PLANNAIR BLOWER 6PL122-79 ep it yg 
(Axial Flow —2 stage) PLAN NAI R 
© Ape TN 


Blade tip diameter of impeller 6” 
Volumetric airflow 310 c.f.m. at a maximum 


pressure rise of 1.3” s.w.g. PLANNAIR LIMITED - WINDFIELD 
230v. single phase 50c capacitor type 2,900 r.p.m. HOUSE - LEATHERHEAD - SURREY 
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Blow 


your Toolroom’s most 


VERSATILE Machine 















DT hew Jig Boring Head 


Precision head, running in extra wide ways, 
equipped with three power feeds, 7” power 
operated slide movement complete with dial 
gaugeand slip gauge holder, 12 spindle speeds 
available through machine, 360° swivel. 


EB) New Table 


Universal swivelling and tilt- 
ing compound table with large 
clamping area. Heavy rigid 
construction and fitted with 
hardened and ground lead 
screws, 5” cross movement. 










All these new attachments 

: : can be fitted to any one of 
en OF 5 = the hundreds of Thiel 158 
re Machines already in the field. 


EJ New Spiral Milling Attachment 


Ideal for manufacturing cylindrical or conical reamers, 
milling cutters as well as worms and a host of other 
parts. 


R Yon a! C KW E L L For further particulars write or telephone TODAY 


WELSH HARP, EDGWARE RD., LONDON, N.W.2. 
TEL: GLADSTONE 0033 


ALSO AT BIRMINGHAM—TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2822 


MACwWINE TCOEL ir. 
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Made by James Neill & Co. (Sheffield) Ltd. and obtainable from all distributors UX tI 
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SMITH 
netic Particle GOUPLING 


which combines:—the resilience of the hydraulic coupling and the positiveness 
of the frictional coupling. It is revolutionary in that driving and driven elements 
are coupled by magnetically-activated particles. It has these advantages :— 


Accurate torque control Perfectly smooth operation 
No mechanical engagement and thus negligible wear No slip rings—excitation coil is stationary 
Accurate torque limiting slip on overload Remote control at any distance 
Acts as brake or coupling in either direction Dynamic and static coefficients of friction equal 


The range comprises eight standard units with torque capacities from $ to 200 lb/ft. 


SMITHS Magnetic Particle COUPLING is unique, its potentialities enormous. 
Let us advise you, therefore, how best to use it in your particular field. 


INDUSTRIAL PRODUCTS DEPARTMENT. WITNEY,. OXON. 
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Why consult your 
Paint Manufacturer 


about application METHODS ? 


Who else is so vitally concerned with every new development in 

application methods? Because each process calls for special formu- 
lations, R.I.C. technical staff keep ahead of changes in Europe and 
America by co-operating with manufacturers of application plant 


before it reaches the market. 


Paint users find this knowledge valuable when finishing methods are 
under review, knowing that R.I.C. have nothing to gain in recom- 
mending one method against another, except the goodwill that 


follows a better finish or a more economical schedule. 


Aout by any melted 


INDUSTRIAL PAINT FINISHES 








ROB’ INGHAM CLARK & CO. 


Westmorland House, 127/131 Regent Street, London, W.1. Telephone: REGent 0831 


BRANCHES AT BELFAST + BIRMINGHAM «+ BRISTOL *« GLASGOW + LEEDS + MANCHESTER 


If it’s about Paint, ask R.I.C. 
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You've never seen masonry drilling to match the 


THE WORLD’S performance of Durium Drills. They cut sharp, 

accurate holes with a speed of penetration and silent 

FASTEST AND efficiency that will amaze you. And, with their 

almost diamond-hard Durium tip, and their special 

MOST DU RABLE patented flute to eject spoil and prevent clogging, 

M ASON RY DRILL they stand up to the abrasive action of masonry 
long after ordinary drills have given up! 








When, at long last, your Durium Drill begins to lose its extra- 
ordinary cutting powers, don’t scrap it! Send the drill to us and 
we'll make it good as new again for another long spell of time 
and money saving service... FREE! 


Whether used by hand or power, Durium Drills save their cost 
over and over again in extra efficiency, extra long life. 


Write now for full details. 


4 
j 


Raw L ELUG G 





ODUORIUNI 


Registered Trade Mark 


TIPPED MASONRY DRILLS 


THE RAWLPLUG COMPANY LIMITED ‘ CROMWELL ROAD ° LONDON S.W.7 
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FAST 
VERSATILE 
ECONOMICAL 


SENTINEL UNIT MACHINES 
incorporating the Renault- 
France system electroe 
mechanical heads. 

Built for—Drilling, Boring, 
Facing and Chamfering. 8 
different types of Manifolds 
(see inset). Two manifolds are 
loaded, pneumatically located 
and clamped. 

Press a button to start—and 
in less than 30 seconds the 
machining cycle is completed! 





AN EXAMPLE OF 
FLEXIBILITY 


This Unit Machine comprises a 

3 ft. Dry Base, and an EMH 
10 with Boring, Facing and 
Chamfering Tools. 

3 way Centre Base. 

4 ft. Dry Base, and an EMH 
10 with Boring, Facing and 
Chamfering Tools. 

Bridge Column, and an EMH 
20 with a 12 multi-spindle 








Sentinel Unit Machines are built up from standard bases (with enclosed switchgear) and rotary Bridge 
tables, all of which have machined mating faces for assembly into varied combinations of units 4 


SENTINEL (SHREWSBURY) LTD SHREWSBURY ENGLAN 


Telephone: SHREWSBURY 201! Telegrams: “SENTNOLL SHREWSBURY” London Office: 15 CONDUIT STREET LONDON w.! Telephone: MAYFAIR 2675 
P4106 
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KEIGHLEY ENGLAND 





TELEX NO. 51-123 @ TELEGRAMS: LATHES KEIGHLEY TELEX @ TEL. NO. 5261 (7 LINES) 








VDF HIGH DUTY LATHE, type E1400 B 






@ triple bedways 

@ saddle runs unin:peded past rests and tailstock 

@ 24 spindle speeds — 0.9 to 180 r.p.m. 

@ main drive motor 100 h.p. 

@ maximum centre distance 394” swing over bed 58}” 





Choice of the finest Continental machine tools in the 
size and capacity to suit your requirements. Turret 
lathes, high speed precision lathes, copying lathes, 
standard and heavy duty centre lathes, 

planing machines — these are a few of the wide range of 
standard and special-purpose VDF machines, each 
available with a complete selection of extra equipment. 
Contact Sykes Machine Tool Co. Ltd. now for details of 
the machine you want in the size you need. 
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VDF TURRET LATHES, type RS 



















@ fitted with pre-selector system for 
increased production 

@ feeds, speeds, direction of 
rotation, instantaneous stopping all 
programme controlled 

@ four models available with 
capacities up to 4” 

@ hardened & ground bedways and 
rapid traverse in all directions 

@ swing over bed up to 224,” — 

19 h.p. motor 





VDF UNICOP COPYING LATHES, 
type 1 


er 


@ for normal and copy turning 

@ ideal for workshops where single- 
purpose copying lathe is 
uneconomic 

@ electronic — hydraulic and ultra 
sensitive 

@ normal copying traverse up to 293” 
and cross slide to 5” 

@ three types available 













VDF LATHES, types 36 and 44 









@ extremely versatile, with high 
degree of finish 

@ 30 spindle speeds from 11 to 

2240 r.p.m. 

@ three models available with swing 
over bed up to 18” and centre 
distance up to 118” 




































VDF HIGH SPEED PRECISION LATHE, 
type 18RO Sole British Agents 


@ suitable for wide variety of work or Ss Y K E S 


quantity production 
@ 12 spindle speeds from 17 to 2000 r.p.m. Machine Tool Co. Ltd 














































@ high speed headstock available — top 

speed 4000 r.p.m. ythe W The Hythe 
@ swing over bed 15” — centre distance 

up to 79” 










@ large number of feeds 
@ simple controls 
@ extremely accurate 
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Its no good looking 
, at me f... 


ASK “MR. MAC”? ABOUT BRIGHT STEEL 


It may be something of a dog’s life humping steel about but it is 











our business . . . We have over 5,000 tons of Bright Drawn and 








Hot Rolled Carbon and Alloy Steel Bars to all the main E.N. 
Specifications to meet your requirements. Our premises are 
specially designed for the storage of steel and the latest 
handling equipment ensures that material is delivered in 
“Mint” condition. Yes, when it’s a question of steel 


is pays to ask “Mr. Mac”’ first. 
. = MACREADY’S FOR BRIGHT & ALLOY STEEL 


Mae canny 5 Melih to. Lil 


USASPEAD CORNER , PENTONVILLE ROAD. LONDON N.I. 
TERminus 7060 (20 lines). Telegrams: Usaspead, London, Telex. Telex No 22788 











This is an example of All 
Welded Machine Bed Plates 
manufactured by this Com- 
pany. The photograph shows 
how well the complications 
of modern machine practice 
can be overcome by this 
modern method resulting in 
great economies. 














We can profile cut any shape in mild steel 
from }” to 6” in thickness. Our products 
are clean cut and necessitate the minimum 
of machining and finishing. They make for 
large economies in reducing the number of 
operations. Send your enquiries to:- 


Bolton Railway Wagon & Ironworks Co. Ltd. 
adie paren lines) BOLTON, Lancashire. Telegrams 


“WAGON” BOLTON 
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Industry's biggest names use 


SNOW precision grinders 
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PRICES 














Finished * Blanks 
Reamers for sizing 
The benefit of our lower Grinding 
4 ° SIZE B.S.I. Allowance 
production cost is yours. Limits | on Nominal 
The considerable demand for Wimet £1? Fs 
Expansion Reamers has resulted in 64/3 47/9 g 
the introduction of new manufac- ve” 5 
turing methods. These have led to A ! 
lower costs which are now being : = : 
passed to you in the form of lower 76/ 58/ ~ 


prices. 

Wimet tipped tools already possess 
a life many times greater than 
ordinary tools and in the Expansion 
Reamer this is multiplied many 
times over by the ability to expand 
it and regrind to size. 

Delivery of all commonly used sizes 
can be made from stock. Please 
write or phone your enquiries. 


WJemel, 


—_ 


EXPANSION REAMERS 





sizes 


as 





Finished Reamers 


———+.0-0005" /0-001”-———.-+-0-0004” 
oh 


H | g4j- | 64/6 


Prices for inter 





89/3 | 68/3 


a° 


* Blanks for sizing are finished in all respects 
but left with grinding allowance for circular 
grinding and backing-off by customer. 




















WICKMAN@ ELIMITE 


WIMET DIVISION, TORRINGTON AVENUE, COVENTRY 
Telephone : Tile Hill 66621 





OHI Soon, 
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Frices tor intermediate sizes available on request 














60 Associate Membership 


Examinations Exemptions 


new Associate Membership Examination which comes into force during 1960. 

As from that date, all exemptions afforded under the old examinations are 
cancelled but in order that this shall not impose undue hardship, applications 
for Graduate membership based on old regulations will receive sympathetic 
consideration until the end of 1962, if a suitable course is now being studied. 


In considering exemptions, due regard has been given to the fact that facilities 
for the study of some subjects to the high academic level demanded by the 
Institution’s examination are not yet universally available, although such provision 
is growing rapidly. Consequently many able men have been forced to follow 
academic studies not designed for production engineers, although they eventually 
enter the production engineering profession. Here, by dint of much _ personal 
application, they may eventually achieve considerable success. Having proved their 
worth in this way the Institution is prepared, for the time being, to accept from 
them certain other academic qualifications in lieu of its own examination, or parts 
thereof, when these men apply for corporate membership, provided that they hold 
or have held adequate managerial status on the production side of industry. A list of 
the qualifications at present approved is given in the Appendix hereto. 


It should be borne in mind that the Institution embraces qualified production 
engineers engaged in all branches of manufacturing industry and is not confined 
to those concerned with metal working. Furthermore, these lists are not necessarily 
complete. If. any person or body feels that some other qualification should be 
included, they are invited to forward particulars thereof to the Institution’s 
Education Officer for consideration. 


|: the Institution’s Journal for March, 1958, were published particulars of the 


QUALIFICATIONS AFFORDING EXEMPTION FROM THE WHOLE OR 
PARTS OF THE 1960 EXAMINATIONS 


In considering the award of exemptions, there are two guiding principles of 
policy :- 
1. The academic standard, and the volume, of the material or qualification 
offered to obtain complete or partial exemption shall not be lower than the 
whole or the relevant part of the Institution’s examination. 


2. In applying the foregoing condition (1), the criterion shall not necessarily 
be “subject for subject ” but “part for part”, thus : 

(a) Basic science should approximate to the requirements of Part I. 

(b) Applied science should be the equivalent of Part II, particularly bearing 
in mind that at least one-half of the contents of this part are concerned 
with the application of science to production technologies. The 
production technologies offered, however, need not be concerned with 
metal working but may refer to production in any type of industry. 
The requirement of production content is fundamental. 

(c) The quality and quantity of Management Studies offered should be 
equal to the requirements of Part III. 
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Exemption from Parts I, I and III 


Diploma in Technology (Eng.) in PRODUCTION ENGINEERING, gained 
at: 
Birmingham College of Technology 
Loughborough College of Technology 
Northampton College of Advanced Technology (London) 
Wolverhampton and Staffordshire College of Technology 


First degree in PRODUCTION ENGINEERING of : 

Manchester University 
First degrees in ENGINEERING or APPLIED SCIENCE, together with the 
post-graduate course in PRODUCTION ENGINEERING of : 

Birmingham University 

London University — Imperial College 


Higher National Diploma in PRODUCTION ENGINEERING gained at: 
Gateshead Technical College 


Diploma in AIRCRAFT ECONOMICS AND PRODUCTION of : 
College of Aeronautics, Cranfield. 


Diploma in METALLURGICAL WORKS ENGINEERING of : 
Loughborough College of Technology 


Exemptions from Parts I and II 


First degree in CHEMICAL ENGINEERING of the Universities of : 
Birmingham ; London — Imperial College ; Manchester ; Sheffield (Fuel 
Technology and Chemical Engineering) ; Durham ; Leeds ; Edinburgh. 


First degree in METALLURGY of the Universities of : 
Birmingham (Industrial Metallurgy degree only) ; London — Imperial 
College ; Manchester ; Durham ; Leeds (Degree “A” only) ; University 
College of Swansea. 


First degree in MINING of the Universities of : 
Birmingham ; Sheffield ; Durham ; Nottingham ; Edinburgh. 


First degree in TEXTILES of the Universities of : 
Manchester ; Belfast ; Leeds. 


Various first degrees, as shown, of the Universities of : 


Birmingham — PETROLEUM PRODUCTION ENGINEERING 


Manchester — Ordinary degree in MECHANICAL and PRODUCTION 
ENGINEERING, if Production Engineering subjects are taken 


Sheffield — MECHANICAL ENGINEERING if Engineering Manufac- 
ture is taken —- GLASS TECHNOLOGY 


Durham — MECHANICAL ENGINEERING degree “b” or degree in 
APPLIED SCIENCE, if either is taken together with the certificate 
in Production Engineering 


Leeds —GAS ENGINEERING 
University College of Swansea —- CHEMISTRY 


Higher National Diplomas, if PRODUCTION ENGINEERING subjects are 
taken, gained at: 

Borough Polytechnic (London) — Mechanical /Production 

Dagenham Technical College — Mechanical 

Enfield Technical College — Mechanical /Production 

Leicester College of Art and Technology —- Mechanical 


Higher National Certificate in PRODUCTION ENGINEERING together with 
O.N.C.’s which include the subject of Production Processes, will be accepted 
on a subject-for-subject basis, if conditions laid down in the Institution’s 
memorandum E.M.62/E are met. 














C. Exemption from Part I and Group A of Part II 


Cl First degrees in CIVIL, or ELECTRICAL or MECHANICAL 
ENGINEERING of the Universities of : 


Belfast ; St. Andrews; Birmingham ; London — Imperial College ; 
Leeds ; Sheffield ; Durham ; Nottingham ; Southampton ; Cambridge ; 
Glasgow ; Edinburgh ;_ University College of Swansea ; London — 
External degrees. 


C2 First degrees in CIVIL ENGINEERING of the Universities of : 
Liverpool ; Bristol. 


C3 First degrees in ELECTRICAL ENGINEERING of the University of : 
Manchester 


C4 First degrees in MECHANICAL ENGINEERING of the Universities of : 
Manchester ; Liverpool. 


C5 First degrees in AERONAUTICAL ENGINEERING of the Universities of : 
Belfast ; London— Imperial College ; Southampton ; Cambridge ; 
Glasgow. 


C6 First degree in METALLURGY of the Universities of : 
Birmingham ; Nottingham. 


C7 First degree in MINING of the Universities of : 
London — Imperial College ; Cambridge ; Glasgow. 


C8 First degrees in MINERAL DRESSING of the University of : 
London — Imperial College 


C9 First degrees in ELECTRICAL POWER and in ELECTRONIC 
ENGINEERING of the University of : 
Liverpool 


C10 Diploma in Technology (Engineering) in MECHANICAL / PRODUCTION 
ENGINEERING gained at : 
Welsh College of Advanced Technology 


C11 Diplomas in Technology, gained in Colleges listed by the National Council for 
Technological Awards, in : 
Engineering — CIVIL, ELECTRICAL, MECHANICAL, CHEMICAL, 
AERONAUTICAL 
Science — APPLIED PHYSICS, APPLIED CHEMISTRY, CHEMICAL 
TECHNOLOGY 


Mathematics — APPLIED, APPLIED TO ENGINEERING 


D. Exemption from Part I only 


The Institution has been notified that its application to participate 
in The Engineering Institutions’ Examination for Joint Part I, has been granted, 
and in 1960 and onwards, we join the Institutions of Civil, Mechanical, Electrical, 
Municipal, and Gas Engineers, the Institute of Marine Engineers, and New Zealand 
Institution of Engineers for common examinations for the Part I subjects of English, 
Mathematics, Applied Mechanics, Engineering Drawing, Heat, Light and Sound, 
and Principles of Electricity. 

Additionally, however, to complete the Institution’s Part I requirements, there 
must be taken either Production Processes or Chemistry, for which examination 
papers will be set by the Institution. 

The Institution’s Education Committee has under active consideration 
exemptions appertaining to Part I. 
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E. Exemptions from Part II only 
El Post-graduate courses in PRODUCTION ENGINEERING, | successfully 
completed at: 
Birmingham University 
London University — Imperial College 
E2 Full-time courses in MANAGEMENT STUDIES successfully completed at : 
Loughborough College of Technology 


F. Partial exemption from Part II 


Partial exemption on a subject-for-subject basis is afforded where MANAGEMENT 
subjects are taken in the following :- 


Fl Various first degrees, as shown, of the Universities of : 

Cambridge —- AERONAUTICAL, CIVIL, ELECTRICAL = and 
MECHANICAL ENGINEERING 

Durham — MECHANICAL ENGINEERING. CERTIFICATE IN 
PRODUCTION ENGINEERING 

Edinburgh — ENGINEERING. CHEMICAL TECHNOLOGY 

Glasgow — AERONAUTICAL, CHEMICAL, CIVIL, ELECTRICAL 
and MECHANICAL ENGINEERING. MINING 

Leeds — MECHANICAL ENGINEERING 

Manchester —- MECHANICAL ENGINEERING 


Nottingham — MECHANICAL ENGINEERING. METALLURGY. 
MINING 


Sheffield — MINING 
F2 Higher National Diplomas as B6 above, gained at: 


Enfield Technical College 
Leicester College of Art and Technology 


F3 Intermediate and Final Diplomas of the British Institute of Management 


APPENDIX 


Qualifications accepted IN LIEU of parts of the 1960 examinations from candidates 
for CORPORATE MEMBERSHIP who hold or have held adequate managerial 
status on the production side of industry. 


G. In Lieu of Parts I and I 


G1 Corporate Membership, by examination of the: 


Institution of Chemical Engineers 
Institution of Civil Engineers 
Institution of Electrical Engineers 
Institution of Gas Engineers 
Institution of Mechanical Engineers 
Institute of Metallurgists 
Institute of Physics 

Institution of Structural Engineers 
Plastics Institute 

Royal Aeronautical Society 

Royal Institute of Chemists 
Textile Institute 


In addition to the qualifications listed above as affording exemption or 


acceptable in lieu, the Education Committee have many others under active 
consideration. As they are resolved, they will be published in the Journal. 
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Air-operated 


Equipment 


by N. P. WATTS 


A Paper presented at the Compressed Air Conference, Cornwall, in April, 1958 


HE last war, like all its predecessors, speeded the 

development of many ideas and devices which 
changed all our lives and it is true to say that on both 
sides of the Atlantic the development of standardised 
pneumatic cylinders and control gear was stimulated 
by the most urgent need to secure increased produc- 
tion from existing plant. Extra production was 
needed immediately — a week one way or the other 
might make all the difference — and any experiment 
was worthwhile if there was a chance of obtaining 
that extra 10% or 20% from machine and operator. 
It was better still if a skilled operator could be relieved 
by one unskilled, or one operator could tend two or 
more machines. Money only could not buy all the 
production we wanted, but good ideas and intelligent 
observation very often could and did. 

More than a decade has passed and still the need is 
with us for increased and more economical production. 
Opportunities are, and will be, numerous for the lively 
company to meet world-wide competition while, 
nearer at home, we shall soon be faced with the 





Mr. Watts, who is Sales Manager of Benton & Stone Ltd., Birmingham, has been associated 
with The Institution of Production Engineers since 1945, as an Affiliated Representative. He 
has given a number of lectures on the subject of compressed air and its uses, to vartous 


Sections of the Institution in many parts of the United Kingdom. 


fierce, down-to-earth competition which will result 
from the establishment of the European Common 
Market. More specialisation is required which will 
give us the opportunity of better tooling to produce 
improved goods at lower cost and, finally, the vigorous 
sales endeavour to secure the orders from a market 
springing from a population of something like 
240,000,000. 

Only by meeting this situation squarely can we 
maintain our present standard of living, but by a little 
extra effort we have also the opportunity of improving 
this standard. I suggest that pneumatic equipment 
can help extensively in Britain’s productivity, for an 
extremely low capital investment — plus ideas from 
everyone remotely concerned with production. 

It is an everyday event for those in the industry of 
supplying pneumatic components to hear that a 
purely nominal amount of money (20s. to £20) spent 
on pneumatic equipment, plus a simple idea, has 
resulted in output being stepped up by any figure 
from 10 to 1,000%. In practically every factory in 
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the country this increased potential exists — it is 
only a question of raising enthusiasm to germinate the 
ideas. 


The main applications of cylinders and control 
valves in metalworking factories are being dealt with 
regularly in the technical press, although there are 
many factories where the value of even the most 
simple applications has not been appreciated. The 
following are some of the reasons why management 
should consider the wider use of air appliances in 
their factories: 


1. A large increase in production can be achieved 
for low capital expenditure. Old machines can 
be converted to semi or fully-automatic special 
purpose units to give production rates com- 
parable to expensive new machines. 


2. The increase in speeds and feeds has resulted in 
handling time normally representing the greater 
proportion of the total time cycle. It is only here, 
therefore, that appreciable savings can be 
achieved. Air operated locating, clamping and 
ejection devices were the early examples of 
pneumatic power in machine shops and the 
demand for equipment for this use led to the 
development and manufacture of the standard- 
ised components which are available today. 


3. The use of cylinders to provide a means of 
remote control of clutch mechanisms, safety 
guards, directional control of conveyors, feeding 
workpieces into position, etc., has brought about 
the need for interlocking one movement with 
another. Complete machines, and more especi- 
ally mechanical handling devices, are now 
powered exclusively by compressed air, partly 
because of the ease with which interlocking is 
possible pneumatically, and show a reduction 
in original cost and maintenance charges. In 
addition, new designs are made a practical 
proposition only by the incorporation of air 
cylinders as the power units. 


4. A pneumatic cylinder in ‘conjunction with a 
hydraulic check cylinder is a convenient method 
of applying power to feed cutting tools at 
accurately controlled speeds, with the possi- 
bilities of quick approach and rapid return. 
Practical examples are found on _ drilling 
machines, milling machines and capstan lathes 
— resulting not only in an improved floor-to- 
floor time, but very often enabling one operator 
to tend two machines. 


vl 


. Responsibility and fatigue are removed from 
the worker because he has only to move a simple 
lever or touch a button, after which all move- 
ments are made at predetermined speeds and 
pressures. Production rate is more constant 
throughout the working day, the finish of the 
component is often improved, and the workman 
certainly goes home less tired. There is also the 
fact that tool life is very often increased. 


6. Finally, compressed air is not an expensive 
power medium — unless it is wasted — and it 
is unfortunately true that in many plants it is 
more normal to hear the “‘ fizz ” of escaping air 
than otherwise. The trouble is that many leaks 
are audible only when the machinery is shut 
down and then only the cleaners hear this most 
expensive noise. Good preventative maintenance 
on all compressed air equipment, pipe lines and 
the compressor itself, pays handsome dividends 
and those who complain of the high cost of 
providing the service should remember that 
leaks to the equivalent of a 4-in. diameter hole 
in an air line running at 100 p.s.i. may waste air 
to the tune of about 25 cu. ft. per minute. By 
comparison, a 2-in. bore double acting cylinder 
with l-in. stroke could be operated over 900 
times for the same consumption of air. 


In the same vein it is more than usual to 
instal a new piece of air-operated plant to run 
directly off the main air line, which may be set 
at say 90 to 100 p.s.i. It is more than likely that 
this new device will operate quite satisfactorily 
at 80 p.s.i. or at even lower pressures. A pressure 
reducing valve fitted to each machine and set 
intelligently will save its cost over and over 
again and, in any case, the machine will work 
more reliably if the fluctuations in the normal 
shop air line are levelled. 


Many users of compressed air complain of the 
presence of excess quantities of water condensate 
in their pipe lines, which reduces the efficiency 
and life of equipment and in many cases causes 
unpleasant conditions for workpeople. Most of 
this trouble stems from the absence of, or the 
insufficiency of, after-cooling facilities. It is no 
economy to believe it is possible to dispense with 
an after-cooler of adequate capacity together 
with the availability of supplies of coolant. 
Compressor manufacturers will always recom- 
mend the correct installation, but good main- 
tenance is important too. 


A 200-ton crank press has all its controls air- 
operated, as indicated in Fig. 1, and for very good 
reasons. Firstly, the physical effort required to 
depress the clutch pedal not only reacts against the 
owner in that a man plainly dislikes the heavy job, 
but also when that operator is slightly tired he tends 
NOT to drive the pedal down in the positive manner 
required, resulting in the clutch key being “ nibbled ” 
away. Air-operation ensures that the pedal is moved 
smartly, at a predetermined speed, to its maximum 
travel and the special impulse circuit precludes a 
repeat operation of the press, even though the foot 
pedal be maintained in the depressed position for an 
indefinite period. Thus complete protection is 
afforded both to operator and tools. 


The hand valve opens and closes the air-operated 
vice and simple interlocking ensures that this must be 
closed before air is supplied to the foot valve which 
controls the press movement. Thus a large machine 
with heavy movements is provided with finger light 
controls. 

















Fig. 1. A Taylor and Challen 200-ton press, showing air 
controls for vice and clutch operation. 


Another company also employ standard pneumatic 
units to control their presses and it is quite usual, in 
addition, to fit air-operated ejector mechanism. 
Fig. 2, however, shows a 6-in. bore air cylinder being 
employed as a type of “‘ air spring ”’ to neutralise the 
weight of the slide and thus relieve bearing load and 
float and considerably lengthen the effective life of 
this H.M.E. crank press. The air pressure is adjusted 
to suit exactly the weight to be supported and an 
expansion chamber is provided to maintain constant 
pressure. Pneumatic cylinders are often employed 
as tensioning devices and of course operating costs 
in terms of compressed air are practically nil, because 
little air is lost from the system. The guard on this 
machine is foot-controlled, the final closing movement 
operating a control valve which in turn actuates the 
clutch operating cylinder. 


handling of swarf 


The handling of brass swarf at my company’s 
works has been a problem for many years. Between 
five and six tons have to be handled every week and, 
while it is difficult to improve the method of actual 
collection from individual machines, a big improve- 
ment has recently been made at the dispatch bay. 


Previously, after the swarf had been centrifuged, it 
was stored to await collection in a ground level bin. 
On arrival the collecting vehicle spent approximately 
two hours in the works to enable three men to load 








six tons of swarf. Now, after centrifuging, the swarf 
is loaded directly — via a hoist mounted on a runway 
— into a skip which in turn loads the hopper, as 
illustrated in Fig. 3. The vehicle to be loaded moves 
under the hopper, a 3-in. bore air cylinder opens the 
hopper doors, while air vibrators on the hopper walls 
ensure the downward movement of the material. 
Including all formalities, paperwork, etc., the vehicle 
is now on the premises for 15 minutes while the actual 
time of loading is five minutes. The swarf collecting 
company are the main beneficiaries of this installa- 
tion, but their saving is passed on by the payment of a 
substantially better price for the swarf. 

The hopper door control valve is situated in a 
locked cabinet to prevent accidental discharge and a 
separate valve is provided for the vibrators. 

Other economies include the saving of valuable 
floor space, and the reduction of handling to an absolute 
minimum although it is difficult to assess the value of 
not having to provide for the casual services of three 
labourers who previously shovelled the swarf. The 
installation is, of course, a variant of the Parker Plant 
for aggregate and bitumen weighing. 





Fig. 2. H.M.E. crank press showing 6in. bore cylinder for 
neutralising weight of slide, with expansion chamber located 
at bottom of photograph. 
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Fig. 3. Air-operated hopper door on swarf handling plant. 


At the same works the tool room and experimental 
shops have found a use for air cylinders, coupled with 
hydraulic check cylinders, for powering the movement 
of the tailstock body of hand turning and centre 
lathes. Fig. 5 shows two midget push button valves, 
each controlling the movement in one direction of the 
tailstock of a hand turning lathe. Up to six hand tools 
may require to be used, each of which may need the 
individual adjustment of the tailstock position which 
previously necessitated a rather awkward and heavy 
hand-operated movement. This fitting on a relatively 
light type of machine may be considered as a some- 
what unnecessary refinement, although the benefits 
are much appreciated by skilled tool room operators. 
On larger and heavier machines the benefits are much 
more obvious. 

Pneumatic vices are most useful as general purpose 
fixtures and the simple conversion of a standard hand 
operated 3-in. Abwood vice is shown in Fig. 4. Two 
1}-in. bore cylinders, through a system of levers, 
produce a clamping pressure at the jaw faces of 
approximately 560 lb. from an air line pressure of 
80 p.s.i. The vice can still be operated and is actually 
set by hand and is useful for many drilling and 
assembly operations. The jaws are not self-locking, 


however, which is a requirement for most milling 
operation fixtures. 
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Fig. 4. Standard 3 in. vice converted to air operation by two 
1} in bore cylinders. 

















Fig. 5. Air/hydraulic controlled feed for 
tailstock movement on hand turning lathe. 


assembly problems 


Much attention has been given to air-operated 
clamping, machining, forming, riveting and staking 
operations, but assembly problems deserve equal 
study. We find so often that the tendency is to 
concentrate effort on making components more 
quickly and more cheaply and to overlook the 
importance of subsequent handling, such as inspec- 
tion, assembly, labelling, marking and _ packing. 
The following example at a Hertfordshire radio 
factory indicates that, although the problems may be 
more troublesome to solve, the results may easily 
produce higher rewards. This Company have 
recently installed an automatic tag panel assembly 
machine which is completely air-operated. Pre- 
viously, tags were inserted singly by hand and clenched 
in a hand-operated fixture with a maximum output 
of two per minute. 

On the new machine, tags in the form of continuous 
coiled strips (Fig. 6A) are fed from storage drums and 
inserted by means of a die through the panels, which 
are fed into position from the vertical magazine by an 
air-operated 24-position rotary feed table. They are 
twisted for retention purposes and then sheared off 
(Fig. 6B). In order to ensure correct clearance a 
sizing cylinder engages a plunger between tags, after 
which the component is ejected down a chute. 
Output, including stoppages, changing plates, dies, 
etc., is 30 component per minute — an increase of 
1,500% over the previous method. 


Fig. 6(c). Front view of assembly machine, feeding 
tags in strip form, shearing, inserting and twisting tags in 
panels, which are hopped fed on to air-operated 24-station 


rotary feed table. 


Fig. 6(a). Terminal tags in strip form. 





Fig. 6(b). Tag panel only. Panel assembled with tags showing 
twist for retention on right of photograph. 
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Fig. 6(d). Rear view of assembly machine, showing 
shearing cylinder and air silencers in foreground. 


The control system is entirely electro-pneumatic, 
employing sequential operation; that is, each move- 
ment on completion signals the next through 8 volt 
solenoid pilot valves. Full interlocking facilities are 
provided in that the rotary feed table cannot index 
until tools are clear and the tools cannot engage until 
the table has indexed. The failure of any function 
causes the entire machine to stop. Finally, when the 
magazine becomes empty, a “ no-panel” STOP 
device halts the machine. 


high versatility 

The machine has a high degree of versatility in that 
a range of panels may be assembled (e.g., 8 or 
12 tags, etc.) merely by changing the top plate of the 
rotary feed table, the die assembly and the magazine. 


Fig. 7 shows a cardboard tube ring cutter —a 
fully air-operated machine — with safety guards 
removed to show working parts. The controls are 
grouped in a cabinet and consist of two hand/air- 
pilot operated valves and two press buttons for 
controlling two 8-volt solenoid operated valves, The 
mandrel is rotated by an electric motor mounted at 
the far end of the machine, the bearing at this end 
being the sole support during loading. At this stage 
the two front half-shell bearing support arms which 
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constitute the tailstock have been lowered by the two 
associated 2}-in. bore air cylinders. These are shown 
in the foreground of the photograph in the ur position. 


The cycle of operation is as follows: 


1. With tailstock arms down, a tube — precut to 
length — is manually fed on to the open-ended 
mandrel. The left-hand valve is operated to 
reverse the air in the tailstock arm operating 
cylinders, which raise the half bearings into 
their working position. At the completion of 
this movement, a relay valve is automatically 
operated and actuates two 14-in. bore cylinders, 
driving a locking pin into each arm. 


2. The upper push button is touched, thereby 
energising the two solenoid valves which feed 
air to the front ends of the four 3-in. bore 
trunnion mounted cylinders — two situated on 
each side of the machine. These cylinders 
straighten the toggles which pivot the knives 
into the tube for the cutting operation. At the 
same time an air operated switch starts the 
electric motor, rotating the mandrel and tube. 


3. When the operator sees that the parting off 
has been completed, he presses the lower push 
button, reversing the solenoid valves. The 
knives are lowered and the motor stops. 


4. The left-hand valve is then reversed when the 
locking pins are withdrawn and the tailstock 
arms lowered. 


5. The right-hand valve is thrown and this feeds 
air to a long cylinder hidden in the frame of the 
machine, which drives arms the entire length 
of the mandrel to strip it of the cut rings. At 
the end of the stripping stroke a pilot valve is 
automatically opened, which reverses the hand/ 
pilot operated valve and returns the stripper 
drive cylinder. 


In order fully to understand this circuit, it is 
important to note that, while the air pilot cylinder 
on the right-hand (stripping) control is used to 
reverse the valve AND to interlock the circuit, the 
air pilot cylinder on the left-hand control is employed 
for interlocking only. It is impossible (a) to move the 
stripper control while the tailstock is up and (b) to 
lower the tailstock arms while the knives are in the 
cutting position. 


A third interlock makes the press buttons ineffective 
until tailstock arms are up and locking pins in 
position. Since air is also employed to operate the 
motor start switch, it follows that the motor cannot 
be started until arms are up and knives are moving. 


The machine provides an interesting example of the 
use of a toggle to give a rapid approach stroke at low 
power, followed, as the toggle approaches the straight 
position, by a slower movement developing greater 
thrust. Over-travel is impossible; if the toggle, due 
to incorrect setting, is allowed to go over centre the 
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knives will withdraw instead of biting into the mandrel 
as they would with a simple lever action. An increase 
in produ “*on exceeding 250% is achieved by this 
machine, compared with its predecessors. Physical 
cilort has been entirely eliminated except that re- 
quired for loading, but perhaps most significant of all 
from the point of view of management is the increased 
life of the somewhat fragile cutter knives; the quality 
of the product is improved and rejections are 
negligible. 


Practically every form of transport, whether it be 
road, rail, air or sea, employs pneumatic devices and 
perhaps the best known everyday cxamples are found 
on the London Transport trains, where doors open 
and close tens of thousands of times per day without 
trouble on both trains and elevators. Air- or vacuum- 
operated brakes, electro-pneumatic signalling systems, 
are the order of the day and it is difficult to imagine 
an alternative way of applying power should it 
become, for some reason, impossible to use compressed 
air. 


In the field of aviation, compressed air equipment 
of specialised design has for many years found favour 
and the Dunlop system, fitted on the new Fokker 
“ Friendship ”’ aircraft and working at pressures of 
1,000 p.s.i. and over, is the worthy successor to some 
of the old equipment which operated at just over 100 
p.s.i. Wheel brakes, undercarriage, locking and 
interlocking devices, nose, steering, wing flaps and 
engine radiator flaps can all be satisfactorily worked 
by compressed air. Higher air speeds have required 
changes in aircraft shape, resulting in less space for 
increasing sizes of power plant and fuel capacity and 
the need for a greater complexity of services requiring 
power for operation. 


Fig. 7. Perkin cardboard 
tube ring cutter with all 
pneumatically- 
operated, including motor 
starting with full interlock 
protection. 


movements 


There are three main sources of power for operating 
— electric, hydraulic and pneumatic — and all three 
services are being widely used. In spite of strong 
rivalry, it would appear that the pneumatic systems 
certainly win on the count of weight alone and can 
show a saving of 20 to 30%. Apart from this, small 
pipe lines can be employed — -in. o/d and smaller 
are quite usual and the elimination of return pipes, 
oil reservoirs and the fire risk of hydraulic systems 
makes the pneumatic systems very attractive. The 
ability to store, in bottles, air at pressures of up to 
3,000 p.s.i. is useful in that this reserve of power can 
be used, for instance, at take off for raising the under- 
carriage. Investigation in one case has shown that a 
hydraulic or electric system would demand about 
27 h.p. from the engines at this critical point while 
the pneumatic system, taking advantage of stored 
energy, required only 3-6 h.p. Adequate receiver 
capacity in an industrial undertaking can also 
contribute to reduced costs and maintenance. 
Ground charged pneumatic systems are also being 
used extensively in the new field of guided missiles, 
for operating launching, propulsion and guidance 
mechanisms. 

The possibility of opening doors and windows has 
also been tapped and installations are to be found, 
for instance, in ships and electricity generating 
stations, where windows are usually fairly inaccessible. 
In countries of rapidly changing climate it is often 
desirable to close all windows at extremely short 
notice, to protect valuable plant from damage by 
dust and sand storms which arrive without warning. 

On the generating plant, too, pneumatic powered 
devices are in evidence and Fig. 8 shows a typical 
air-operated single nozzle soot blower, such as might 
be fitted to the boilers of any steam-raising plant both 
ashore and in many famous ships of the merchant and 
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Fig. 9(a). Dawson automatic “ rotating ” 

bottle-crater and decrater, showing valve 

controls. Gripping head appears in right 
foreground. 


fighting navies of the world. The adoption of 


pneumatic operation has resulted in the simplification 
of the controls on this device, which basically consists 
of a uni-directional air motor driving through 
reducing gears and a mechanical reversing device to 
produce a reciprocating action. Steam is used for 
blowing accumulated soot from the boiler tubes 
and working conditions are arduous. Pneumatic 


control valves make possible the remote operation of 
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any number of blowers from one cen 
tral panel and a choice is normally 
offered of blowing all boilers in 
sequence, in sequence skipping any 
selected number, or individually with 
the full protection that one blower, 
having commenced, must complete its 
cycle before another can follow. 


Fig. 9 shows a piece of air-operated 
plant which helps to ensure that our 
early morning milk arrives regularly 
and on time. ‘The bottling plant at the 
model dairy at Morden of ‘The Express 
Dairy Co. Ltd., handles an average of 
2,000,000 milk bottles per day. An 
operator, using the Dawson crating and 
decrating machine, removes 240 bottles 
from 12 crates every minute — picking 
up, moving across and putting down 
an average of four bottles per second, 
with breakages practically nil and with 
operator fatigue reduced to a negligible 
amount. Each machine consists of a 
centre column about which two grab 
heads rotate, each handling 20 bottles. 
The grabs are fitted with stainless steel 
rods, running longitudinally and as the 
head lifts the rods close in and grip 
under the rim of the bottle necks. This 
movement is accomplished by a series 
of cams. The complete cycle of opera- 
tions when decrating is (a) grip bottle 
necks; (b) lift bottles clear of crate: 
(c) rotate through 180°; (d) lower and 
release bottles on to the bottle con- 
veyor. The rotary motion of the head 
is accomplished by an air cylinder fixed 
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Fig. 8. Clyde air-operated soot blower. 
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to the rotary arm which thrusts upwards against a 
cam fixed to the centre column. Mechanical handling 
is possibly seen at its best in such plants, and it is 
always something of a shock to me that all this 
wonderful plant is dependent absolutely on the 
humble cow chewing its cud quietly in a field. 
While on the subject of cows, an interesting machine 
isinstalled atthe Hannah Dairy Institute, Ayr, Scotland. 
It is a type of respirator to pump air or gas into the ani- 
mal’s lungs and employs standard industrial cylinders 
and valves as shown in Fig. 10. It is an extremely simple 
piece of apparatus and although the illustration 
shows the cylinder being driven mechanically, the 
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movement could readily be imparted pneumatically 
and could thus be entirely independent of electricity, 
the pneumatic source of power always being readily 
available in such medical establishments in storage 
bottles. Successful experiments are also being carried 
out by the medical profession on similar machines 
for the treatment of patients suffering from the effects 
of poliomyelitis. One type of such a machine, 
described as a volume controlled patient-cycled 
respirator for adults and developed by the Western 
Regional Hospital Board in Glasgow, was explained 
recently in an article by Dr. Greer, appearing in the 
British Journal of Anaesthesia. 





Fig. 10. Respirator for pumping air or gas into cow’s lungs. 








handling radioactive material 


The Atomic Energy Research Establishment at 
Harwell have found, as might be expected, a number 
of uses for pneumatic devices for the remote control of 
equipment, handling radioactive material. At the 
Medical Research Council’s Radiobiological Research 
Unit at Harwell, standard pneumatic cylinders are 
employed to open and close the vacuum control 
valves on the 1,000,000 volt positive ion accelerator. 
This machine is used for accelerating deuterons 
reacting with a target of lithium 6 deuteride mounted 
on a copper disc at the bottom of the glass tube 
(Fig. 11). At this point neutrons are generated of 
about three million electron volts energy and the 
subjects for the radiation experiment are placed at 
predetermined distances from this point. 

An air cylinder operated from the central control 
panel closes the main vacuum on-off valve should this 
become necessary for some reason during the test. 
This isolates the main vacuum pump from possible 
radio-active effects in the event of any emergency and 
it is important that the movement is made at the 
very instant circumstances demand. Pneumatic 
operation makes this possible. The device is also 
used for isolating purposes when the targets are 
changed. The other two vacuum control valves, at 
present hand-operated, are now being converted to 
air operation, the object being to enable a complete 
cycle of operations to be controlled remotely with full 
interlocking facilities. It is interesting to note that 
two vacuum pumps are employed. One creating a 

1 





vacuum of part of an atmosphere and the 


10,000 
1 
second a vacuum of ————— part of an 
100,000,000 


atmosphere. 


Broad beans (Vicia fabia) are the subject of the study 
of radiation effects on living cells and this research 
is an important part of the investigation into the 
effects on human beings. For all practical biological 
purposes what happens to the cell of a broad bean 
will also happen to any other living cell. Beans are 
cultivated under carefully controlled conditions so 
that the root, with all side shoots removed, reaches 
a length of 8 to 10 inches, the top green shoots being 
removed as they form. At this stage the beans are 
mounted in racks and placed in Perspex chambers 
to be subjected to radiation, for either short or long 
term periods, as seen in Fig. 12. The source (Cobalt 
60) mounted in an aluminium capsule approximately 
} in. in diameter and 1 in. long is housed in the centre 
of a cylindrical bomb with 10 in. thick walls of lead. 


Fig. 11(a) (top left). Million-volt ion 
accelerator, showing Ijin. bore cylinder 
(ringed) operating vacuum control valve. 


Fig. 11(b) (bottom left). Central panel from 
which all operations of accelerator are con- 
trolled. Accelerator is situated in a separate 
chamber with wall, ceiling, etc., of suitable 
material to give protection against radiation. 
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Fig. 12. Broad beans in centre Perspex case 
mounted for study of radiation effects on 
living cells. Bomb with 10 in. thick lead walls, 
containing the Cobalt 60 “source” which is 
cylindrical and measures about } in. diameter 
by lin. long, can be seen in left foreground. 


The outlet port of the bomb is connected by a suitably 
formed stainless steel tube to the radiation station in 
the Perspex case. A flow of compressed air pushes the 
capsule—in effect a loose-fitting piston — along the 
tube and holds it in place for the desired period, while 
deoxygenated water is sprayed over the plant. A 
standard air pilot operated four-way control valve is 
used, water passing through the main valve and the 
pilot control being from the main control panel 
situated behind a concrete screen. Oxygenated 
water is supplied in between periods of radiation to 
revive the plant and passes through a second pilot 
controlled valve. Timing of the cycle is done elec- 
tronically and the whole process can be fully or 
semi-automatic, as desired. For those interested, the 
radiation dose can be between nine and 20 Rontgen 
per minute. 


Here we have another handling problem resolved 
by a little ingenuity in a most simple, reliable and 
inexpensive way. 


Even our very health, then, benefits greatly from 
the use of air-operated equipment and the few 
examples described in this Paper must surely serve to 









prove that compressed air equipment is one of the 
most versatile tools which can help our industrial 
progress. I hope that these success stories will 
stimulate your thoughts sufficiently to investigate the 
possibilities in your own fields of activity. 


The author wishes to acknowledge with thanks the 
help and facilities for photographing provided by the 
following organisations and members of their staff: 


Benton & STONE LimITED.. : on .. BIRMINGHAM 
(Including permission to use examples shown in their film 


“AIR CONTROLLED ”’) 


CiypE BLowers Ltp. ns ee 3 .. GLascow 
Dawson Bros. Ltp. - <a - .. LEeeps 
Duntop Russer Co. Lrp., AviATION Division .. COVENTRY 
Express Dairy Co. Ltp. .. oa ae .. LONDON 
Horpern, Mason & EDWARDS BIRMINGHAM 
MeEpIcAL RESEARCH COUNCIL 

RADIOBIOLOGICAL RESEARCH UNIT... .. HARWELL 
W. B. NicHoison (INSTRUMENTs) LTpD. .. .. GLascow 
PERKIN & Co. Ltp. a my a .. LEEDS 
Taytor & CHALLEN LTD. BIRMINGHAM 


N.B.—The tag assembly machine used by Murphy Radio Co. 
Ltd., Welwyn Garden City, was designed and patented 
by Newman & Guardia Ltd., of Harlow. 
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ANUFACTURERS of air compressors and 

associated equipment have achieved a very high 
standard of safety, and compressed air systems are far 
from being regarded as dangerous, even where main- 
tenance falls well below the highest standards. Never- 
theless, disastrous fires and explosions have taken 
place from time to time all over the world. An 
unfortunate aspect of the matter is that, until com- 
paratively recently, enquiries following such incidents 
have not led to a definitive appreciation of the circum- 
stances in which they are liable to occur. Occasional 
explosions and fires, or the formation of considerable 
amounts of carbon monoxide, have continued to take 
place without apparent warning in systems that had 
given good service for a long time. In many cases 
investigation of a fire or explosion has failed to 
establish the specific cause. Various opinions have 
been expressed from time to time on the mechanism 
or mechanisms involved, but little research into the 
question has been carried out until recently. 

Since the War considerable attention has been paid 
to the origin of explosions in compressed air systems, 
particularly in France, the U.S.A., the U.K. and 
Canada. Although the course of events in such 
accidents does not follow a uniform pattern, an 
account can now be suggested of the most likely 
manner in which conditions resulting in an explosion 
are liable to arise. 


An explosion in a compressed air system may, of 


course, result from mechanical failure of members 
containing the air — for example, through internal 
wasting caused by corrosion. The present discussion, 
however, is confined to the explosion hazard asso- 
ciated with the combustion of inflammable materials 
within the system. This refers primarily to mineral 
lubricating oils. 

There are three fairly distinct types of incidents 
that have occurred in compressed air installations: 
fires, explosions, and detonations. It will be helpful 
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first to consider how each of these arises, and to see 
how they are related to each other. 


fires and explosions 


When an explosion takes place in a mixture of 
inflammable material and air, what happens in fact 
is that a flame passes very quickly through the mixture, 
producing a rapid rise in temperature, and con- 
sequently in pressure. It is this rise in pressure that 
causes damage. If an explosion is to take place, two 
conditions are necessary: first, there must be inflam- 
mable material intimately mixed with air in the right 
proportion ; and second, there must be an appropriate 
source of ignition. This intimate premixing of air 
with inflammable material is what distinguishes an 
explosion from a fire. In a fire the combustible is 
separate from the air until it meets it in the actual 
flame, so that the rate of combustion, and conse- 
quently of rise in pressure, is limited by the speed at 
which the two reactants mix. 


In its consequences an explosion is more serious 
than a fire, but fortunately it occurs less frequently. 
In fact, some authorities consider that many fires on 
the discharge side of air compressors take place un- 
observed, since they may have little or no mechanical 
effect. 

Distinctions have been drawn here between a fire 
and an explosion both in their inception and in their 
effects, but it should be added that either can lead to 
the other, given a suitable set of circumstances. 


detonations 


Very extensive damage has been caused to com- 
pressed air pipe lines in a number of serious incidents, 
particularly at Rossington in this country, and at 
Béthune and Courriéres in France. The characteris- 
tics of these explosions differ so much from those of 
other explosions, that it seems that a distinct, separate 
process is involved. Charbonnages de France have 
carried out some extremely valuable work which has 
thrown considerable light on such incidents and has 
established that they are due to a process akin to 
detonation. We are therefore in this Paper segregating 
them from other explosions of lesser scale, and shall 
refer to them as detonations. 


THE EXPLOSIVE MEDIUM 


Let us examine the first prerequisite of an explosion: 
the presence of an inflammable material intimately 
mixed with air in suitable proportion. 

Lubricating oil is a direct source of inflammable 
material as vapour, as mist, or as liquid oil on the 
surfaces of the system. In addition accumulations of 
oil exposed to oxidation in hot parts of the system 
form inflammable deposits. Stagnant oil and pro- 
ducts of its decomposition are commonly mixed with 
aggregated matter carried into the compressor at the 


air intake, the mixture being solid or tarry. The 
extraneous matter might include combustible material 
such as coal dust. 

The several forms that could be taken by a poten- 
tially explosive mixture vary in the circumstances in 
which they are liable to come into existence, and in 
the following discussion each will be considered in 
turn. 


oil vapour 


This refers to vapour produced directly through 
volatilisation of lubricating oil, and not as a product 
of chemical decomposition. 


vaporisation of oil ; flash point 

The possibility of an explosion as a result of exces- 
sive volatilisation of the oil has always been recog- 
nised. Except at very high air pressures the partial 
pressure of oil vapour required to support combustion 
is relatively small. At atmospheric pressure the lower 
limit of inflammability will be reached with a partial 
pressure of oil vapour in the range 5 to 10 mm. The 
boiling range of an oil does not give a very reliable 
indication of the temperature at which vapour 
pressures of this order will exist, and it is usual to 
measure it directly in a flash-point apparatus. The 
‘* flash point ”’ so obtained is the lowest temperature 
at which, under prescribed conditions, the concentra- 
tion of oil in the vapour phase is sufficient to support 
combustion. Suitable oils in the viscosity range most 
often required jor internal lubrication of air com- 
pressors usually have flash points in the range 380 
to 450°F. 

The effect of variation in flash point between 
different mineral oils must be considered. The flash 
point bears a general relation to viscosity; spindle 
oils usually have closed flash points of 300 to 350°F, 
machine oils and engine oils 350 to 500°F, and steam 
cylinder oils 500 to 650°F. Oils of very low flash 
point can be disregarded, since the requirements of 
hydrodynamic lubrication and effective sealing will 
impose a lower limit of viscosity. Most compressors 
require oils in the viscosity range 80 to 130 cs. at 
100°F, and in most cases such oils should show closed 
flash points of about 400 to 440°F. Ifa higher flash 
point is required the effect is to compel the use of a 
heavier oil. Values of 500°F or thereabouts imply a 
viscosity of around 20 cs. at 210°F, which would be 
at about the viscosity level of an SAE 50 engine oil. 
Steam cylinder oils would have to be used to obtain 
flash points higher still. For the average compressor, 
therefore, oils of high flash point will be unsuitable 
because of excessively high viscosity. 

Apart from the more immediate objectionable 
effects of excessive viscosity on the performance of 
the machine, heavy oils are undesirable in that they 
are especially prone to deposit formation in the 
delivery system, and usually show comparatively high 
carbonising tendencies. Since the accumulation of 
carbonaceous deposits is (as will be discussed later) 
a potential source of extremely high temperatures, 
the preference for a heavy oil is very liable to give 
rise to the trouble it is supposed to avoid. 
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In respect of flash point, a factor of safety is pro- 
vided by increase in air pressure, since the partial 
pressure of oil vapour in a mixture of oil vapour in air 
at the lower limit of inflammability remains in 
approximately constant proportion to the total 
pressure as the latter rises.* Multiplication of air 
pressures is reflected by corresponding increases in 
the minimum concentration of oil vapour necessary 
to support combustion. The effect on flash point — 
i.e., the flash point at the pressure prevailing, and 
not the particular value at atmospheric pressure — is 
however, limited, since vapour pressure rises rapidly 
with increase in temperature. An oil with a flash 
point of, say, 420°F will probably have an initial 
boiling point of about 650°F, i.e., its vapour pressure 
will increase from say 7 to 760 mm. from 420 to 
650°F. At 8 atm. the flash point of such an oil would 
be around 470°F. With increase to considerably 
higher pressures flash point will increase further, but 
it will do so at a rapidly diminishing rate and it 
would be unwise to assume even at very high pressures 
an effective value of more than 50°F above that at 
atmospheric pressure. 

In most compressors the designed operating 
temperatures do not approach -the effective flash 
point of the oil, but in others it would appear that 
they equal or exceed it. For example, where pressures 
of about 8 atm. are obtained in a single stage, poly- 
tropic compression (assuming pv 3-3 = const.) from 
60°F and atmospheric pressure would give a discharge 
temperature of 375°F, and adiabatic compression 
(pv 1-41 = const.) a discharge temperature of 500°F. 
Probably the final temperature under such initial 
conditions would be nearer 375°F, but a point often 
overlooked is that in practice the suction pressure 
will probably be sub-atmospheric, and since the 
discharge pressure is prescribed by the design of the 
discharge valves this means that the true compression 
ratio may be considerably higher than it appears to 
be at first sight, particularly if cleaning of the air 
intake filter has been neglected. Apart from such 
marginal cases, numerous compressors designed for 
intermittent service have been operated with dis- 
charge temperatures undoubtedly in excess of the 
flash point of the oil. 

The development of an explosive concentration of 
oil vapour during operation of the compressor would 
require sustained evaporation of oil at a rate deter- 
mined by that of air flow. However, with delivery of 
air at a substantial rate the quantity of oil necessary 
to produce a concentration of vapour at the lower 
limit of inflammability will be far in excess even of 
the total carried into or injected into the cylinders. 
For example, in a compressor of capacity 250 cu.ft./ 





* The lower limit of inflammability occurs when there is only 
just enough combustible present in the mixture to raise the 
temperature attained during combustion to a level at which 
flame is sustained; below this level of temperature the flame 
would not propagate. As air pressures are increased, and the 
thermal] capacity of unit volume of air increases in proportion, 
correspondingly more combustible per unit volume (i.e., a 
proportionately higher partial pressure) must be supplied to 
prevent the mixture falling below the explosive limit. 
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min. f.a.d. the weight. of air passing through the 
machine at half load will be about 9-5 Ib./min., 
which would require a supply of oil at about 0-3 to 
0:4 pints/min. to produce an explosive mixture, 
whereas oil consumption would be perhaps 0-001 to 
0-005 pints/min. In order that a dangerous con- 
centration of oil vapour should develop whilst the 
compressor is running, most of the oil vapour would 
have to come from oil spread over the walls of the 
system or contained in the deposits. The bare 
possibility exists that volatilisation of oil might reach 
a high enough rate under operating conditions to 
produce an explosive mixture, but in most systems 
little short of a raging fire could conceivably provide 
the extremely high rate of volatilisation that would be 
required. Conditions are least unfavourable to 
accumulation of oil vapour in the case of a compressor 
discharging into a closed vessel such as an air bottle, 
but even here only an extensive fire would be likely 
to cause sufficiently rapid volatilisation of oil during 
operation of the compressor. It may be concluded that 
a dangerous concentration of oil vapour could only 
arise when high temperatures persist after air flow 
has ceased or fallen to a very low rate. 


Normally the highest operating temperatures at 
the walls of the system will no doubt be confined to an 
area close to the delivery -valves, and it is to be ex- 
pected in view of this that after-unloading the machine 
the peak temperature will fall fairly quickly to a 
value well below the flash point of the oil. Sustained 
volatilisation of oil deposits in dangerous volume 
would on the other hand require persistent temper- 
atures, over sizeable areas, of about 450 to 500°F 
or more. Some gross abnormality is thereby indicated. 
Leaving out of account the more fanciful explanations, 
the more likely sources of persistent high tempera- 
tures are thermodynamic effects due to malfunction- 
ing of a machine running unloaded, or the prior 
existence of a fire or of advanced exothermic oxidative 
reactions in oily deposits. In referring to mal- 
functioning of an unloaded machine we have in 
mind, for example, a two-stage compressor unloaded 
by closing the suction valve, but without provision 
for unloading the second stage, in which high 
temperatures could develop through continuous 
recompression of air passing through a leaking 
discharge valve. Again, high temperatures could 
possibly develop in a machine running unloaded 
through continued pumping at a slow rate and high 
compression ratio, due to leakage at the suction 
valve. Other sources of high temperature may 
perhaps arise from malfunctioning of the compressor, 
but lie outside this discussion. Fires and oxidative 
effects in oily deposits are considered later. 


oil mist 


During an oil explosion, oil at the instant of 


reacting with oxygen must be in the vapour phase. 
It is not essential to an explosion, however, that the 
oil should be initially in this state. Oil in the liquid 
phase will burn explosively under certain con- 
ditions, particularly if the oil is dispersed as mist. 
In an oil mist, vaporisation of oil will occur in the 
vicinity of the source of ignition, and may play a vital 
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part in the mechanism of combustion, but pro- 
pagation of an explosion will not depend on the prior 
existence of an explosive concentration of combustible 
gas. Even solids such as coal dust will explode if 
finely dispersed and suitably ignited. 

Oil mist can exist in high concentrations at low 
temperatures and a mist explosion is possible irres- 
pective of the flash point of the oil. In other respects 
oil mists parallel oil vapour/air mixtures in the 
conditions required for ignition. There is evidence 
that at atmospheric pressure the lower limit of 
inflammability of an oil mist is identical with that of 
oil vapour in a similar system, and it is expectable 
that at higher pressures the lower limit of inflam- 
mability will remain about the same as in a vapour. 

Oil mists can be formed by mechanical entrainment 
and dispersal of oil in moving air, and also as a 
result of vaporisation and subsequent condensation of 
oil. Condensed oil mists are of very small particle 
size, of the order of a few microns in diameter. 

In order that a mist should form mechanically, air 
flow at a considerable speed is required, but — as 
already indicated — when the compressor is pump- 
ing air at a substantial rate the quantity of oil fed 
into or entrained in the air will fall far short of that 
necessary at the lower limit of inflammability. No 
great increase in the concentration of mist will take 
place on unloading the compressor. It would thus 
appear that any contribution by mechanically formed 
oil mist to an explosive mixture will always be very 
slight. 

The development of a condensed oil mist in 
relatively high concentration also appears to be 
most unlikely. It is scarcely conceivable except, 
again, when air flow has ceased or fallen to a very 
low rate. Under such conditions, the source of oil 
vapour would again have to be deposits of oil on the 
surfaces of the system, and generation of vapour in 
substantial volume would again imply volatilisation 
of oil over sizeable areas at temperatures in excess of 
450 to 500°F. It is very probable, however, that— 
as will be discussed later — an explosion or a fire 
could result immediately from the formation of 
large amounts of vapour at such abnormally hot 
areas. 

A possibility exists that condensed oil mist may 
accumulate in volume through diffusion of vapour 
away from a localised source of vapour to closely 
adjacent cooler regions. A limited further rise in 
temperature in the area providing a source of vapour 
could then result in spontaneous ignition of an 
extensive inflammable mixture, resulting in an 
explosion which might be very violent. Nevertheless, 
although mist formation may perhaps in this way 
facilitate extension of an inflammable mixture it 
does not appear that it can increase the explosion 
hazard in systems under pressure, in which, as will be 
shown, spontaneous ignition may occur as soon as 
temperatures are high enough to develop an in- 
flammable concentration of vapour. 


deposits 

Deposits soaked with oil must form reservoirs for 
the supply of oil vapour or oil mist, as described. 
In addition the possibility should be considered that 


thermal or oxidative decomposition of deposits might 
give rise to considerable volumes of inflammable gas. 

Thermal decomposition (‘‘ cracking ’’) of the oil 
would not take place at a significant rate until tem- 
peratures far in excess of the flash point were reached. 
Oxidation can, however, take place at lower tem- 
peratures with the formation of gaseous products, 
principally carbon monoxide and carbon dioxide. 
Experiments carried out by the U.S. Bureau of Mines 
showed that carbon monoxide was evolved from 
typical compressor deposits when heated in air or 
nitrogen, and it was always accompanied by many 
times its own volume of carbon dioxide. The rate of 
evolution was very slow. Even at 200°C (392°F), 
which is about the flash point of a compressor oil, 
carbon monoxide was given off at the very low rate 
of less than 0-2 x 10-* cu.ft./min. per lb. of deposit. 

The lower limit of inflammability of carbon mon- 
oxide in air is 12-5%, and furthermore a mixture of 
carbon monoxide with more than 2-2 times its volume 
of carbon dioxide is non-inflammable in air in any 
concentration. It therefore seems unlikely in the 
extreme that evolution of carbon monoxide from 
deposits contributes significantly to the formation of 
an explosive medium. It may, of course, present a 
very serious atmospheric hazard in mines, but that is 
beyond the scope of this Paper. 

We are therefore led, in the light of existing infor- 
mation, to the conclusion that oil vapour mixed with 
air is the most likely primary explosive medium. De- 
posits, however, should be avoided as far as possible, 
as they constitute a reservoir for oil and also may 
cause malfunctioning of valves. 


SOURCES OF IGNITION 


Perhaps the most mysterious element of a com- 
pressor explosion is the source of ignition. There is 
little factual information available on the subject and 
we are therefore obliged to consider what are the 
conditions necessary for the ignition of the explosive 
media described in the preceding section, and to 
compare these conditions with those existing in 
compressor discharge lines. 


conditions necessary for ignition of oil vapour and oil 
mists 

As has been stated, the ignition of an oil mist in 
air necessarily involves the prior vaporisation of some 
of the oil. However, in a fine mist the energy needed 
to vaporise oil locally is so small that initiation of 
combustion will occur in much the same conditions 
as ignition of oil vapour. 

Mixtures of air and oil vapour or gaseous oil 
derivatives in the necessary proportions may be 
ignited by weak sources of energy such as a spark 
discharge of static electricity releasing energy of, say, 
0-001 joule. (By contrast, the energy released on 
passage of the spark at the sparking plug of a gasoline 
engine is of the order of 0-1 joule.) 

Particles of solid or liquid entrained in a moving 
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ignition temperature and air/oil ratio at atmospheric pressure. 


gas may acquire an electrostatic charge on coming 
into contact with boundary walls, for example, where 
the gas passes through an orifice. If the stream of 
particles should subsequently encounter an electri- 
cally insulated surface the charges may be conveyed 
to that surface, which may reach so high a potential 
as to discharge electricity as a spark. It is a matter of 
conjecture in what manner areas of the interior 
surfaces of the delivery system may become electri- 
cally insulated, but this possibility clearly cannot be 
disregarded and electrostatic discharge must therefore 
be recognised as a possible initiator of an explosion 
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where an inflammable mixture is present. On the 
other hand the development of dangerously high 
electrical charges at such areas will be the more 
likely the higher the rate of gas flow, yet the accumula- 
tion of an inflammable mixture, as has been indicated, 
requires static conditions or very low rates of flow. 

Mixtures of air and inflammable gas in explosive 
concentration at pressures considerably above atmos- 
pheric are also capable of igniting spontaneously at 
temperatures that can be regarded as relatively low, 
so low in fact that under the conditions necessary for 
oil vapour to reach dangerous concentrations its 
spontaneous ignition is probable. 

The spontaneous ignition temperature of a mixture 
of oil vapour and air varies with both air/oil ratio and 
pressure. Recent work by Shell on oil mists, which 
can exist in inflammable concentration at room 
temperature, has shown in oils typical of air com- 
pressor lubricants a relationship between spontaneous 
ignition temperature and air/oil ratio with the 
general form represented in Fig. 1. The boundaries 
of the areas within which spontaneous ignition will 
occur vary in position with the conditions of the 
system, but a well-defined common factor is a 
considerable depression in the upper, continuous 
area at relatively low air/oil ratios, coupled with the 
existence of an isolated area, also at low compression 
ratios, where spontaneous ignition may occur at 
a relatively low temperature of around 270°C 
(518°F). The relationship between spontaneous 
ignition temperature and pressure at the lower limit 
of inflammability, or between spontaneous ignition 
temperature and air/oil ratio at high pressures, is 
not known with certainty. There is evidence, 
however, that at relatively low air/oil ratios, at which 
the lowest values of spontaneous ignition temperatures 
are obtained at atmospheric pressure, the relationship 
between spontaneous ignition temperature and 
pressure for a typical oil has the general form repre- 
sented approximately by Fig. 2. The re-entrant 
shape of the curve at comparatively low pressures 
(the peninsula) reflects the existence of the island in 
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Fig. 1. It is believed that the general trend at 
increased pressures is, as shown in Fig. 2, that the 
curve falls gradually from around 270°C at 1 atm, 
to say about 240°C (464°F) at 8 atm, and ultimately 
approaches asymptotically a value which may be in 
the region of 220°C (428°F). 

If, as has been postulated for the generation of an 
explosive mixture, a considerable source of heat were 
to continue to operate when air flow had ceased or 
fallen to a very low rate, the partial pressure of oil 
vapour might reach its saturation value and the 
concentration of inflammable material in the vapour 
phase would thus depend on the prevailing tempera- 
ture. An explosion would occur if the minimum 
temperature for spontaneous ignition at a given air/ 
oil ratio at the prevailing pressure were below the 
temperature required to produce that air/oil ratio at 
the prevailing pressure. Above a certain range of 
pressure, therefore, an explosion will be possible at 
some temperature between the effective flash point 
of the oil and the temperature at which the saturation 
pressure of oil vapour provides the most easily 
ignitable mixture. The critical range of pressure is 
somewhat indeterminate, but in the case considered 
it may obviously be well below 7 or 8 atm. Curves 
showing the approximate saturation temperatures 
providing vapour concentrations both at the lower 
limit of inflammability and at 7-5 air/oil by weight 
are shown in the diagram for a typical compressor oil 
of closed flash point 415°F at atmospheric pressure. 
The viscosity of such a typical oil would normally be 
about 135 cs. at 100°F. It is possible that with oils 
heavier than those normally used spontaneous 
ignition will take place as soon as the flash point 
temperature is reached. 


potential sources of overheating 


discharge valves ; leaks 


It appears then that a metal, or metal oxide, 
surface at temperatures of the order of 240°F can be 
expected to ignite a mixture of lubricating oil and 
compressed air. The question arises as to whether 
such hot surfaces may be present, and if so in what 
circumstances. 

It is well established that under adverse conditions 
discharge valves are capable of reaching temperatures 
of this order or more; in one case there is evidence 
that during operation the valves had reached tem- 
peratures of 280°C (536°F). Possible sources of such 
overheating have been discussed in a number of 
papers; a particularly useful study has been made by 
Vaughan, who carried out tests on valves in which 
leakage holes had been deliberately drilled. The 
matter is one for the designer; in this context it is, 
however, noteworthy that overheating of discharge 
valves could occur in some cases when the compressor 
is running unloaded. 

A survey of reports of various compressor explosions 
has shown that in many of the incidents signs of 
overheating of discharge valves were found-on sub- 
sequent investigation. It may be argued that the 
overheating was the result of the explosion rather 


than its cause, but it would perhaps be wiser at the 
present stage of our knowledge to assume that 
overheated discharge valves are a potential source of 
ignition. 

A valuable study by the S.M.R.E. has drawn 
attention to the fire hazard associated with leakage 
through certain sealing materials at joints or patches. 
High-frequency vibration caused by escape of air 
generates frictional heat which is capable of starting 
a fire in the vicinity. 


self-ignition of deposits 

Another, and perhaps more widely quoted, 
potential source is the spontaneous heating to ignition 
of the deposits in the discharge system. 


Spontaneous ignition of this kind takes place by the 
following process. Chemical reaction sets in between 
the deposit and the oxygen in the air. This reaction 
liberates heat which raises the temperature of the 
deposits, and consequently accelerates the rate of 
reaction, setting in train a process which, if not 
checked, leads to ignition. Checking of the process 
may occur by the loss of heat to the surroundings and 
to air passing through the deposit, in which case the 
temperature will rise to some finite value above that 
of the surroundings, but no further. Also, unless a 
supply of air is continually maintained the reaction 
rate may fall off through consumption of oxygen. 


It may be seen, therefore, that the requirements 
for spontaneous ignition are (1) the attainment of an 
initial temperature high enough for an exothermic 
reaction to proceed at a significant rate, (2) good 
thermal insulation of the deposit, and (3) a supply 
of air to the deposit at a rate not too great to cool it, 
but sufficient to supply fresh oxygen for continued 
reaction. 

The nature of compressor deposits is so variable 
that any consideration of circulation of air through 
them as they lie in the discharge system is bound to 
be very speculative. However, the deposits are 
certainly brought into close contact with air by a 
breathing process: as the pressure in the pipe line 
falls, air is sucked out of the deposits; and as it rises, 
air is driven in. Therefore the achievement of a 
suitable rate of ventilation is not unlikely. Consider- 
able attention has been paid by various workers to 
these deposits and their oxidation. The U.S. Bureau 
of Mines in 1949 demonstrated the existence of a 
“‘ carbon-oxygen complex” in certain compressor 
deposits taken from the discharge sides of air com- 
pressors following accidents due to explosions. They 
likened this substance to a similar substance produced 
during the spontaneous heating of coal, and suggested 
somewhat obliquely that it played a significant role 
in the initiation of compressor explosions. However, 
the complex decomposed endothermically in nitrogen, 
but exothermically in air, suggesting that continued 
oxidation was the heat-evolving process rather than 
decomposition of the complex itself. 

Work was carried out by Cerchar on the oxidation 
in air at high temperature of fresh mineral oils 
dispersed on solid surfaces, which showed that with 
these imitation deposits oxidation set in at just as low 
a temperature as had been found by the U.S. Bureau 
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of Mines for their carbon-oxygen complex. It seems 
very likely that the oxidation of deposits is in fact 
essentially the oxidation of the oil with which the 
deposit is wetted. In the Cerchar work, experiments 
were carried out first with a rig blowing oxygen over 
various inflammable substances and later with a rig 
blowing air over imitation oil deposits and intended 
to parallel practical conditions. In the latter tests 
the air was at 7 atm pressure (gauge) and was blown 
at various speeds up to 5m./sec. through an oil- 
impregnated mass. The investigators treated as the 
critical factor the air temperature at which the 
temperature of the oil-impregnated mass began to 
exceed that of the air. This temperature was found 
to depend on the rate of the air flow. No increase in 
the temperature of the deposits was detectable at 
air speeds over 2m./sec. At low air speeds the critical 
temperature was well marked, and a number of 
values in the range 140 to 200°C (284 to 392°F) 
were obtained using oil-bearing deposits of various 
kinds at 12-5 cm./sec. These included one value of 
154°C. (309°F) with deposits taken from an air 
compressor. 

Tests to establish temperatures of ignition of the 
gas produced by the oil-bearing mass showed that 
these are also affected by the flow of air. In these 
tests the deposits used consisted of rust or ferric hydrate 
impregnated with compressor oil. At low continuous 
air speeds (2 and 12-5 cm./sec.) ignition took place 
in oil/ferric hydrate with air temperatures in the 
range 170 to 200°C (338 to 392°F). When delivery 
was suddenly cut off ignition took place with both 
types of deposit at air temperatures in the range 200 
to 240°C (392 to 464°F), in some cases where no 
ignition had taken place during air flow. In general, 
a sharp rise in the temperature of the deposits was 
observed on suddenly cutting off air flow, whether 
or not ignition occurred. The lowest ignition tempera- 
tures were obtained when delivery was resumed 
almost at once; under these conditions oil/rust 
ignited in one case at 207°C (405°F) and oil/ferric 
hydrate at 151 to 157°C (304 to 318°F). 

An explanation of these results follows from the 
considerations discussed earlier. Dissipation of heat 
and availability of oxygen both increase with increase 
of air flow, but there is a certain slow rate of flow at 
which a progressive increase in the temperature of the 
deposits will begin at the lowest value of air tempera- 
ture. The local concentration of inflammable vapour, 
of which a certain value is essential for ignition, will 
also depend on the rate of air flow, falling rapidly as 
this increases, and will only reach dangerous values 
when air flow is at a low rate or is temporarily 
interrupted. In relation to this, it is interesting to 
note that air compressor explosions have, in fact, 
occurred comparatively frequently when delivery 
has ceased or just after delivery has been resumed. 


DETONATIONS 


We have so far been discussing fires and explosions, 
mainly explosions. The serious accidents at coal 
mines in this country and France, which were 
referred to in the introduction, differed from more 
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common explosions in that long air pipe lines from 
the receiver to the working face were ruptured in 
many places simultaneously. The large number of 
ruptures indicated to Charbonnages de France that a 
process akin to detonation had been taking place. 
This they confirmed by their extremely valuable 
investigation between 1949 and 1952, wherein they 
also showed that oil initially dispersed as a film on the 
surfaces of the pipe lines represented the bulk of the 
inflammable material participating in the detonation. 

This work, which included experiments on a heroic 
scale using testpieces 250 mm. in diameter and up to 
95 m. in length, demonstrated that lubricating oil 
initially in the liquid phase as a coating in a pipe 
line will explode if an effective source of ignition is 
present. In the Cerchar tests, the piping was charged 
with air at 7 kg./sq. cm. At this pressure a stoichio- 
metric concentration of oil is provided in a 250 mm. 
pipe by approximately 30 grammes per metre, 
equivalent to a uniform film about 0-05 mm. thick. 
In some of the tests the oil was contained in troughs 
running the length of the pipe and in others it was 
spread over the inside surface, in both cases the 
deposits being of fresh oil. Violent explosions in- 
volving the propagation of pressure waves at speeds of 
about 1,200 m./sec. were produced with oil concen- 
trations of 60 and 180 g./m. 

It is clear from the Cerchar work that to initiate 
detonation of an oil film in a pipe requires a very 
powerful source of energy, equal to that provided by 
prior explosion of a gaseous inflammable mixture in 
considerable volume. There is little doubt that only 
such a primary deflagration would suffice. Cerchar 
used mixtures of methane and air in an attempt to 
produce these detonations and found it necessary 
to enrich the gas mixture with oxygen. A similar 
increase in the effectiveness of the gas mixture might 
have been obtained by using a larger charge. 

The manner in which oil, initially resting on the 
walls of the piping, becomes sufficiently well dis- 
persed in the compressed air to support a detonation 
wave is not immediately clear. M. Loisin, of Cerchar, 
has suggested that adiabatic compression of the air 
in a pressure wave raises the temperature sufficiently 
to distil the film of oil from the pipe. However, 
Dr. Tideswell, of S.M.R.E., considered this explana- 
tion inherently improbable because the transference 
of heat from the compressed gases to the oil film 
would be not nearly rapid enough. He suggests that 
the blast in front of the flame (the violent movement of 
air travelling down the pipe ahead of the flame), 
assisted by the violent vibration induced in the pipe, 
tears the film of oil from the walls of the pipe to make 
an oil suspension, near the wall, which is capable of 
propagating flame. Recent work on high speed 
aerodynamics has shown there is intense turbulence 
where shock waves in gases interact with boundary 
layers close to walls, and this would seem to sub- 
stantiate Tideswell’s explanation. 

The sequence of events leading to a detonation in a 
long pipe would thus be: (1) the accumulation of an 
explosive medium in the discharge line near the 
compressor, and in the receiver; (2) the ignition of 
this medium, giving a primary explosion near the 























compressor (up to this stage we have a normal 
explosion) ; (3) the propagation of shock waves down 
the long pipe line from the receiver; and (4) the 
transformation of one of these shock waves into a 
detonation wave. 

The occurrence of a detonation or of a normal 
explosion in a compressed air system thus depends 
upon whether stages 3 and 4 follow upon stages 1 and 
2. 

Since the amount of oil required for a detonation 
wave as described by Cerchar represents only a very 
thin deposit, it is practically impossible to avoid its 
presence in the discharge system by preventing 
carry-over of oil from the compressor. In the avoidance 
of a catastrophic detonation, therefore, the critical 
factor is prevention of the primary explosion of an 
extensive accumulation of inflammable gas. 


operating temperatures ; safety precautions 

An obvious direction in which a reduction in the 
fire and explosion hazard may be sought is the use 
of lubricants with greater resistance to fire than that 
of mineral oils. Studies are being made of possibly 
suitable fire-resistant materials, but it is evident that 
special care is likely to be required with such materials 
in this application — for example, because of possible 
toxic hazard. Moreover their cost is likely to be 
several times that of mineral oils, and this may also 
limit their applicability. However, providing reason- 
able precautions are taken, on the following lines, 
mineral oils are entirely capable of safe operation in 
compressed air systems. 

Abnormally high operating temperatures, no 
matter how they arise, will increase vaporisation of 
oil, and under certain conditions of air flow may 
permit the concentration of oil in the vapour phase 
to reach the lower limit of inflammability. In this 
respect a maximum discharge temperature is pres- 
cribed by the flash point of the oil under operating 
conditions. A figure of 50°F above the flash point in 
a standard test has been suggested. 

It is possible that the laboratory tests that have 
been carried out with oil deposits to establish condi- 
tions for self-ignition have imposed more severe 
conditions than occur in practice. If any differences 
in this respect are ignored, the experimental work 








would indicate that for complete security discharge 
temperatures should not exceed 150°C (302°F) or 
perhaps slightly less. Apart from an element of doubt 
as to the immediate relevance of the experimental 
results to practical operation, considerable variation 
will exist between one installation and another in the 
degree in which factors other than temperature 
favour an explosion. Under the most unfavourable 
conditions the maximum safe working temperature 
may be around 150°C, but in other cases it will be 
higher. Very many compressors do in fact operate 
satisfactorily with discharge temperatures over 150°C. 
It is to be expected, however, that increase of tem- 
perature over 150°C will be accompanied by a rapid 
rise in reaction rates, and there will be a much 
greater likelihood of potentially dangerous conditions 
at temperatures of the order of 200°C (392°F). Such 
conditions will almost certainly exist at 250°C 
(482°F). 

It is to be expected that the generation of large 
volumes of oil vapour, or the development of exother- 
mic reactions involving the liberation of considerable 
volumes of gaseous reaction products, would require 
exposure of oil to high temperatures for a measurable 
length of time and in sizeable quantities. This would 
imply that stagnant or slow-moving oil would have to 
be present in quantity at places at high temperature, 
particularly near the discharge valves. To avoid this 
the designer and operator should take every precau- 
tion to minimise deposit formation. 

Design points are that the oil should not be able to 
remain in pockets in areas of high temperature, and 
that all parts of the system, especially those near the 
discharge valves, should be accessible for cleaning. 
Consideration might also be given to the desirability 
of using rust-resisting materials or coatings, with 
superior finish, on the nearer elements of the discharge 
system — for example, the pipe to the after cooler— 
to prevent aggregation of deposits based on oil-soaked 
rust. 

Operating points are that the rate of oil feed should 
be the minimum consistent with effective lubrication; 
the inlet air should be efficiently filtered to reduce the 
quantity of solid matter capable of agglomeration 
with oil; at intervals the system should be inspected 
and cleaned as necessary. 
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Industrial Uses of 


Rotary Compressors 


by JAMES HODGE, M.A., M.LMech.E., A.F.R.Ae.S., M.A.S.M.E. 


A Paper presented at the Compressed Air Conference, Cornwall, in April, 1958 


N the past, the supply of compressed air at pressures 

upwards of 50 Ib./sq. in., for industrial use, has been 
achicved mainly by means of reciprocating com- 
pressors. Recently, however, there has been a growing 
tendency to use rotary compressors of various kinds. 
It is of interest to examine the advantages likely to be 
gained by the change and the merits of the different 
types of rotary compressor which are available. 

The main sub-division for all types, whether rotary 
or not, is between positive displacement and aero- 
dynamic compressors. The former, which includes 
the reciprocating type, comprises all those compres- 
sors in which the gas to be compressed is admitted to 
a space, which is then closed. The volume of the space 
is next reduced by mechanical means and so the gas 
is compressed before being discharged at the delivery 
pressure. Compressors of this kind are distinguished 
by several features which are important to the user. 
Of these, the most important are: 


1. The throughput of a given compressor in terms 
of volume flow (F.A.D.) is dependent almost 
entirely on the speed of the machine, and is 
almost directly proportional to it. 


2. ‘The machine is designed for a particular pressure 
ratio and this cannot easily be altered in a given 
case (except by such complex expedients as a 
variable reciprocating 

Phe result is that optimum efficiency 

is obtained in the region of operation near the 

* built in” pressure ratio and any large depar- 

tures from this result in a loss of efficiency. 


compression ratio 
machine). 
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3. Perhaps the most important advantage of the 
positive displacement type is that it is entirely 
free from the form of flow instability known as 
‘ surging ’’, which is one of the difficulties asso- 
ciated with the aerodynamic type and which 

will be described more fully later. 














A characteristic typical of those obtained from 
positive displacement machines is shown in Fig. 1. 


Aerodynamic compressors, on the other hand, work 
on entirely different principles and have different 
operating characteristics. Basically, the mode of 
operation is to convert velocity head into static pres- 
sure by aerodynamic means. This can be done in 
either rotating or stationary parts and entails first of 
all the creation of a relative velocity by the rotation 
of a bladed wheel of some kind. Usually this relative 
velocity is converted to static pressure, partly in the 
rotating wheel itself and partly in a subsequent stator. 
Fundamentally, the conversion requires flow through 
a passage which is diverging in the direction of flow 
(provided that the relative velocity is subsonic). The 
forces which are effective are those of aerodynamic 
“lift? and derive fundamentally from circulation 
round the blades or vanes, moving or stationary. 


In any aerodynamic compressor, the total torque 
required equals the sum of the changes of angular 
momentum of the air which take place in all the 
rotor elements — there may, of course, be one rotor 
stage or many. The work done on unit mass of fluid 
is proportional to the sum, for all the rotor stages, of 
the changes, through each rotor stage, in the product 
of blade speed and whirl velocity of the fluid. For 
large pressure ratios, therefore, either high blade 
speeds or a number of stages are required. The 
limitations on the operation of aerodynamic com- 
pressors are as follows: 





1. The maximum pressure ratio obtainable from a 
given compressor is limited partly by mechanical 
considerations of running at high speed, and 
partly by aerodynamic factors, chief of which 
are the Mach numbers within the compressor. 
Generally, though there are exceptions, the 
attainment of local sonic velocities causes a loss 
of efficiency and prevents further increase of 
pressure ratio. 


ad 


The efficiency can be maintained at a high value 
over a wide range of pressure ratios, though at 
any given pressure ratio the flow range within 
which it can be maintained is limited, irrespec- 
tive of any change of speed. 


3. The pressure ratio obtained is mainly dependent 
on speed (for a given inlet temperature). Mass 
flow rate has some influence on pressure ratio, 
at a given speed, but usually this is small within 
the high efficiency zone. 


4. At a given speed, the flow is limited, at the 
lower end of its range, by ** surging”. ‘This is a 
form of flow instability closely analogous to 
stalling of an aeroplane wing and is basically 
the result of overloading some component, in 
the aerodynamic sense. Normally, it is con- 
sidered to be impossible to run in the surge 

region as the flow is fluctuating so violently and 
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is even liable to damage the machine if allowed 
to persist for very long. At the other end of the 
flow range, the limit is set by “ choking ”’; that 
is, the Mach number in some part of the 
machine reaches unity and any further increase 
of flow, under the prevailing conditions of 
temperature and pressure, is impossible. Es- 
pecially at high pressure ratios the two limits, 
surging and choking, may very nearly coincide, 
so that the throughput is dependent only on 
speed, as in the case of the positive displacement 
machine. A typical characteristic for an aero- 


dynamic machine is shown in Fig. 2. 


features of importance in a compressor 


So far only the distinctions between the two main 
types of compressor have been considered. ‘The kinds 
of machine included in each class or their advantages 
and disadvantages have not been described. The 
features which are likely to be important in a com- 
pressor will now be discussed; naturally the degree 
of importance of the various factors changes with the 
duty and the output required and so on. 
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Fig. 3. Power required and delivery temperature for isentropic compression from inlet conditions 
14.7 Ib./sq. in. abs. and 15°C (59°F). 


efficiency 


The efficiency is, of course, a measure of the power 
input required compared with that required by an 
ideal process. In the case of gas compression, either 
of two different ideals can be used as the basis for 
comparison. These are the isentropic and isothermal 
processes. 


In the isentropic (often, but inadequately, called 
adiabatic) process, the compression follows the law 


pv” = constant, there are no heat losses to (or gains 


from) the surroundings, and the process is reversible, 
that is, there are no friction or turbulence losses which 
would cause an increase of entropy. This is the best 
possible process in the absence of cooling. 


For 1 cubic foot per minute at inlet, isentropic 
compression work is given by: 


Taking y = 1-4 for air and p, as 14-7 lb./sq. in. abs. 
the power required for isentropic compression to any 
pressure py (Ib./sq. in. abs.) is: 


()-286 
Pe | | 


35x 14-7x 144 | | 
33,000 | 14-7 | 


h.p./c.f.m. 
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14-7 





Fig. 3 shows this equation plotted against delivery 
pressure up to 200 lb./sq. in. abs., both as h.p./c.f.m. 
and its inverse, c.f.m./h.p. Also shown is the delivery 
temperature which would be obtained, assuming an 
inlet temperature of 15°C (59°F). This is obtained 
from the expression : 


y—l 


, where the temperatures are 


Pe | 
T,=T, 4 
Pi 


absolute values. 


In the isothermal process, heat is extracted from 
the gas continuously during compression so that its 
temperature remains constant. Apart from this there 
are no friction or turbulence losses. Isothermal com- 
pression is the best that is conceivable (provided that 
no heat sink with a temperature lower than that of 
the entering gas is available) and absorbs the mini- 
mum possible amount of power. 


For 1 c.f.m. at inlet, isothermal compression work 
is given by: 
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Again taking p, = 14-7 lb./sq. in. abs. gives: 





14-7 x 144 De } 
lo bh.p./c f.m 
33,000 14.-7 | 
P 
= 0-06414 log, ; —— | h.p./c.f.m 
14-7 | 


Fig. 4 shows this equation plotted against delivery 
pressure, also up to 200 lb./in.? abs., both as h.p./ 
c.fim. and c.f.m./h.p. In this case, delivery tem- 
perature is, of course, constant at the inlet value, for 
all pressures. 


It is common practice with smaller industrial com- 
pressors to express the performance in terms of 
c.f.m./h.p. rather than as an efficiency. This is very 
convenient as it enables the power required to be 
calculated immediately. On the other hand, it does 
not give any idea of how good or bad the compressor 
is in absolute terms, compared to what is ideally 
possible. In this connection, useful figures to remem- 
ber (taken from Figs. 3 and 4) are that for compres- 
sion to 100 lb./sq. in. g from 14-7 lb./sq. in. abs. the 
isothermal process gives a value of 7-6 c.f.m./h.p. 
and the isentropic 5-6 c.f.m./h.p. So a compressor 
with a power requirement of, say, 4 c.f.m./h.p. would 
have an isentropic efficiency of 71-5° and an iso- 
thermal efficiency of 52-7%. 











Taking a broader view of the production ot com- 
pressed air, the compressor efficiency is not the only, 
or necessarily the most important, factor in running 
cost. It is the combination of compressor and driving 
agent which together define the overall efficiency. 
Since a variety of means can be used to drive a com- 
pressor (electric motor, petrol or diesel engine and 
gas turbine are the most likely) the only ultimate com- 
parison, to allow for the different fuels (including 
electricity) is on a basis of fuel cost per unit of air 
produced; that is, in British units, some unit such 
as pence/1,000 cu. ft. (at the specified pressure). 
However, where units are to be compared which use 
the same kind of fuel a convenient basis is pounds of 
fuel per hour/c.f.m. 


size and weight 


These two factors are, of course, most important 
for portable plant. They are often, though not 
always, fairly closely related — the smallest machine 
may not always be the lightest one. Both size and 
weight are, however, linked to speed of the compressor 
as well as to the type. For any given type (and even 
for different types in many cases) the faster the 
compressor runs the lower will be its specific volume 
(cu. ft./c.fim.) and specific weight (lb./c.f.m.). Again 
the size and weight of the complete outfit — com- 
pressor and power source — are the really significant 
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Fig. 4. Power required for isothermal compression from inlet pressure of 14.7 Ib./sq. in. abs. 





factors. There is little point in developing a very 
light, compact, high-speed compressor if it is to be 
driven by a very heavy, low speed engine needing 
also a step-up gearbox. For example, if the com- 
pressor and engine are of equal weights, the limit to 
weight reduction, if the same engine is used, is 50%, 
even if the weight of the compressor is reduced to 
zero. In comparing weights and sizes one has to be 
careful that the comparison is a fair one and that the 
same gear, in so far as it is necessary in each case, is 
included in all cases. This applies particularly to 
receivers, chassis, wheels, fuel tanks, oil in the-system 
for compressor cooling and other items which could 
be omitted to produce a favourable figure. 


initial cost 


There is little to be said about this aspect in a 
general way, except that usually high efficiency and 
high cost go together to a large extent. For example, 
a diesel engine drive is more expensive than a petrol 
engine. In considering cost, all the necessary ancil- 
laries must be included, of course, such as receivers, 
air cleaners and so forth, as well as the driving 
engine. 


control 


One of the more difficult problems, particularly 
with aerodynamic compressors, is to be able to supply 
a variable demand, from zero to full output, at as 
nearly as possible constant delivery pressure. With a 
positive displacement compressor, this is usually 
done either by varying the speed of the compressor to 
suit the output, or by “ unloading ’’, or blowing off. 
If the speed is varied, of course, there is a time lag and 
also the range of output which can be covered by this 
means is limited by the characteristics of the engine. 
Outside this range, and in order to get a more rapid 
response, unloading or blow-off are necessary. The 
receiver is necessary particularly on positive dis- 
placement machines for two main reasons. One is 
that it permits, by means of its capacity effect, some 
mismatching between the instantaneous demand and 
the instantaneous delivery from the compressor. 
This means that the control system, whatever it is, 
has time to operate and bring the two into step 
before any very big change of pressure occurs. The 
control system can be given a range of pressures 
within which it does not react, so that it is not con- 
tinuously in operation, probably causing hunting of 
the whole system. With some kinds of compressor, 
the pressure-volume characteristic is very steep 
indeed and a sudden reduction of output could, if 
there were no capacity, result in a dangerous rise in 
delivery pressure — too rapid for the control system 
to cope with. 

With some oil-flooded compressors (such as the 
vane types) the receiver also contains the means for 
recovering the oil, generally in the form of some-kind 
of wool-packed filter assembly. 


Where the pressure-volume characteristic is com- 
paratively flat, as in the case of aerodynamic com- 
pressors, and in any case the maximum delivery 
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pressure at a given rotational speed is limited by 
surging, there is usually no need to use a receiver and 
some direct method of avoiding surging must be 
used. In any case, aerodynamic compressors are 
likely to be used only when large flows are required, 
so that the time lag to be gained by any reasonable 
sized receiver would be too small to be worth while. 


Apart from the need for the control system to pre- 
vent dangerous conditions such as excessive pressures 
or surging, it should also enable the whole system to 
operate at the highest possible efficiency over the 
whole load range. That is, the c.f.m./h.p. (or cubic ft. 
per lb. of fuel) should be kept as near the maximum 
value as possible. For this reason, blow-off of surplus 
air, the simplest form of regulation, is undesirable 
except as a last resort. 


noise 


The amount of attention which is paid to the noise 
aspect is somewhat dependent on the use of the 
machine — its location and the type of equipment 
it supplies. For example, there is little incentive to 
make a quiet compressor set if it is to be used to drive 
road breakers which are themselves very noisy. 
Apart from the noise produced by the driving engine, 
the compressor generally produces noise in three 
ways — from its inlet, its delivery and _ internal 
mechanical noise, from gears or valves. Rotary 
compressors produce sounds of different kinds from 
the reciprocators and varying greatly from the low 
speed types to the high speed aerodynamic ones. 
Details of the design of the latter can affect their 
acoustic characteristics greatly, but they tend to have 
a high-pitched whistle, emanating from the intake, 
which can be very writating. However, this can 
usually be much reduced by a fairly simple form of 
silencer, combined with an air cleaner. It is probably 
true to say that compressor noise in general could be 
reduced, but this has not usually been done because it 
is not very important compared with the noise from 
the air using devices and the driving engine. 


cleanliness and temperature of air delivered 


A particular virtue of the aerodynamic compressor 
is that it should not, and normally does not, cause 
any contamination of the air with water or oil. It is 
important from the point of view of the aerodynamic 
performance that no oil should be allowed io enter 
the airstream, and a good deal of trouble is taken to 
ensure that oil from bearings at the inlet end of the 
machine does not escape. Of the other types, the oil 
flooded machines with oil separator after the com- 
pressor are in many cases remarkably good in this 
respect and very little oil indeed leaves the machine 
with the air. A small quantity of oil is not by any 
means always harmful, of course. 


Air delivery temperature is important mainly in its 
effect on equipment and personnel using the air. In 
particular, too high temperatures are not permissible 
where rubber hoses are used and most air-using 
machines are designed with this limitation in mind. 











Since even isentropic compression to a delivery 
pressure of 100 Ib. /sq. in. g (from inlet conditions of 
15°C and 14-7 lb./sq. in. abs. ) involves a temperature 
rise of about 230°C (414°F), it is obvious that with all 
compressors some cooling is necessary so long as those 
limitations exist. If the limitations could be raised, 
then more output could be obtained from the same 
mass of air, so it should always be borne in mind that 
the need for cool air is an arbitrary requirement 
imposed by external factors. 

If the cooling contributes towards reducing the 
compression work required to reach a given pressure, 
then it is desirable. If it takes place after compression 
and has no effect on the power requirement, it is 
fundamentally undesirable and is only done as a 
matter of convenience. 

Cooling within the compressor, as a means of 
approaching isothermal compression, is achieved most 
effectively in the oil-flooded rotary compressors. 
The intimate contact of the cooling oil (which also 
serves for lubrication and sealing) maintains the air 
temperature at a low value throughout. With this 
kind of cooling, however, no half measures are 
possible — if insufficient oil is used, what there is will 
be damaged by heat and also will be ineffective for 
its other duties such as lubrication and _ sealing. 
Other means of cooling are by intercooling between 
stages and water-cooled compressor casings. At best, 
the former can give, in a single cooling stage, an 
improvement equivalent to going half way from 
isentropic to isothermal compression. 


reliability and ease of maintenance 


These are factors which are of the utmost importance 
either in a works where many services and machines 
may depend on the supply of compressed air, or on 
outside work where also repairs and maintenance are 
difficult to carry out. Generally reliability should be 
improved by the change from reciprocating to 
rotary motion, especially in cases where rubbing 
contact can be avoided. High rotational speeds are 
not in themselves liable to cause any trouble, provided 
the bearing designs are good and proper precautions 
are taken with regard to balancing. The transition 
to higher speed machines helps maintenance in so 
far as ease of handling is concerned, but often means 
more delicate parts. 


types of compressor: 
1. Positive displacement 


The main types of rotary positive displacement 
compressors which have been developed to varying 
degrees, for a wide variety of purposes, are as 
follows: 


the Roots blower; 

the BICERA supercharger ; 
the Lysholm compressor ; 
the vane type compressor. 


There are many minor variants of these, and other 
types have been proposed, but none are known to be 
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Fig. 5. 


in widespread use. The attributes of each will now 
be described briefly, with particular reference to the 
features of importance which were discussed above. 


the Roots blower 


This is probably the oldest established rotary 
positive displacement machine. Its construction is 
shown in Fig. 5. There is in fact no volume change of 
the displaced fluid due to the geometry of the rotor 
and stator parts, and compression is due entirely to 
back-flow from the delivery side as the displacement 
volume is brought into connection with it. Because 
this is not inherently an efficient process and because 
of the great difficulty in reducing leakages, the pressure 
rise in a single stage is small, seldom exceeding 
8 to 10 lb./sq. in., and efficiencies are low. These 
blowers are made in a very wide range of sizes for 
duties ranging from engine supercharging to steel- 
works cupola blowing. Speeds are comparatively low, 
suitable for direct drive from an engine or motor. 
They can be cheap and robust, not very light in 
weight and do not contaminate the gas with oil as 
there is no lubricant in the rotor space and no rubbing 
parts. They can accommodate dirty gas if necessary, 
as they have no very fine clearances. A variant on the 
simple two-lobed Roots blower is a_three-lobed 
version. This gives somewhat smaller leakage and 
can be used for slightly higher pressures, but is still 
more a “ blower ” than a compressor. 


the BICERA supercharger 


This is a newcomer to the rotary compressor 
family and is not yet in use to any extent. However, it 
is interesting as one approach to the design of a 
reasonably simple and cheap machine for fairly small 
flows and pressure rises. It is suitable for rather higher 
pressure ratios than the Roots blower and gives a 
considerably better efficiency. Figs. 6 and 7 show 
the construction of the compressor and its mode of 
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Fig. 6. 





Assembly drawing of Bicera No. 2 compressor. 


(Courtesy of The Institution of Mechanical Engineers.) 


operation. These are reproduced from Ref. 1 which 
gives a much more detailed description and perform- 
ance figures. Its main advantages over the Roots 
blower are that it achieves the greater part of its 
compression effect directly by an internal volumetric 
change during rotation, and that it does not suffer 
nearly so much from the effects of leakage. It has 
apparently been tested up to a delivery pressure of 
about 20 Ib./sq. in. g. and peak isentropic efficiencies 
are in the range of 65 to 75%. The example shown 
has a volume of about 2-4 cubic ft., weighs 189 lb. 
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and has a capacity of roughly 700 c.f.m. at 3,500 
r.p.m. As in the case of the Roots blower, it needs no 
internal lubrication so does not contaminate the air 
delivered. It is possible that it could be designed 
for higher pressure ratios with-reasonable efficiency, 
but it seems unlikely to be capable of much improve- 
ment in this respect. Multi-staging with intercooling 
would be possible. An interesting feature is that, by 
controlling the inlet valve timing, the delivery 
pressure and throughput can be varied conveniently, 
which could be a useful feature in some applications. 
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the vane type 


This is another old-established type of compressor, 
but it has become much more prominent in the past 
few years because of the introduction of the oil flooded 
version. The principle of operation is shown in 
Fig. 8, from which it can be seen that the rotor which 
has a number of radial, axially extending slots, is 
mounted eccentrically in the casing. In the slots are 
vanes which slide in and out as the rotor revolves, 
thus changing the volume of the spaces enclosed 
between adjacent vanes. This type can be designed 
for comparatively high pressure ratios and is used to 
produce 100 lb./sq. in. in two stages. 

All the desired compression is achieved by direct 
internal volume change and leakage losses are much 
reduced because there are a number of vanes forming 
seals between the high and low pressure zones. Again 
this type is comparatively straightforward to manu- 
facture, and is in fact made for a large range of sizes 
and pressures, from tens to several thousands of cubic 
feet per minute and for vacuum pumps as well as 
delivery of air at up to 250 lb./sq. in. In both 
the “dry ” and “flooded” versions, two stages are 
generally used to achieve 100 Ib./sq. in. g, the former 
having water-cooled casings. Efficiencies are obtained 
corresponding to deliveries of up to about 5 c.f.m./h.p. 
in the large, slow running machines. The oil-cooled 
version is used in the smaller portable machines and 
gives a figure in the region of 3-5 c.f.m./h.p. at 100 
Ib./sq. in. g. This operates at a higher speed, so being 
more compact and lighter in weight. In one well- 
known manufacturer’s range, weights, including 
engines and all accessories, range from about 30 
lb./c.f.m. down to 17 lb./c.f.m. as the output increases 
from 120 to 600 c.fm. This is not a very marked 
reduction over some of the reciprocating types and 
serves to emphasise the point made earlier about the 
importance of the weight of the driving engine 
and other equipment. 


the spiral lobe type 


This type of compressor was first proposed by 
Lysholm in Sweden and is now known variously by 
his name or as the S.R.M. or Howden compressor. It 
consists of two lobed rotors, meshing together but 
geared so that they do not actually touch. The lobes 
are helical in form and the flow of air is in a direction 
generally parallel to the rotor axes. The rotors run 
in a figure-of-eight shaped casing. Again in this 
case the whole of the compression can be accomplished 
in the rotors. Pressure ratio in a single stage is limited 
by considerations of leakage, rotor stiffness, deflection 
and expansions. Maximum single stage pressure 
ratios available at present are up to 5:1, with 
throughputs ranging up to about 10,000 c.f.m. In 
two-stage stationary applications, compressing to 100 
lb./sq. in. g. the isothermal efficiency is about 66% 
(5 c.f.m./h.p.). Since speeds are comparatively high 
(over 10,000 r.p.m. in small sizes) this is a compact 
compressor and is sometimes used for aircraft work, 
such as cabin pressurisation. It used to have the 
reputation of being exceedingly noisy, but this 
difficulty has now been largely overcome. There are 
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Fig. 7. Diagrammatic path of a single air charge through 
two-lobe compressor. 
(Courtesy of The Institution of Mechanical Engineers.) 









WZITILETILALIT a 


——> 
DELIVERY 





ae. 
VANE TYPE COMPRESSOR 


Fig. 8. 








no rubbing parts and no internal lubrication is re- 
quired so that the air is delivered free of oil. Water- 
cooled casings and oil-cooled rotors are often em- 
ployed where the higher pressure ratios result in 
appreciable temperature rises. Manufacture is con- 
siderably more difficult than in any of the types so 
far discussed, as the helical-lobed rotors are complex 
shapes which must be made with a high degree of 
accuracy. Recently special purpose machines have 
been developed which should help greatly with these 
production problems. Given sufficiently accurate 
manufacture, it seems that this is the most elegant and 
efficient solution of the rotary positive displacement 
compressor problem which has so far been evolved, 
but it has yet to achieve very widespread use and 
popularity. 


2. The aerodynamic compressors 


Aerodynamic compressors are of two main types — 
centrifugal and axial. Sometimes the two types are 
combined. In principle, both are similar in that the 
work input to the rotor causes a change in whirl 
velocity of the air, which is converted to pressure. 
The main difference is that the centrifugal makes 
direct use of the centrifugal force field produced by 
the rotation to help the energy conversion process, 
but the axial does not. 

Both types have been developed to the greatest 
extent in connection with aero-engine gas turbines 
where light weight, small size and high efficiency are 
of the utmost importance. Although they were known 
from before the beginning of this century, it is only 
the advent of the gas turbine in one form or another 
which has led to such advanced performance as is 
now possible. First came the supercharger for recipro- 
cating aero-engines which was often a centrifugal and 
then the gas turbine as a prime mover, using either 
type. 


the centrifugal compressor 


The centrifugal (a typical one is shown in Fig. 9) 
is usually considered to be capable of a pressure ratio 
of about 4:1 in a single stage (using air at normal 
ambient temperature). This necessitates a rotor tip 
speed of about 1,500 ft./sec., which obviously involves 
high stresses. Isentropic efficiencies in the region of 
80% are achieved at this pressure ratio, rising to 
something like 85% at lower pressures. Recently, 
there have been strong rumours from the United 
States that pressure ratios of 7 or 8 have been attained 
in a single stage, with efficiencies of about 75%. 
This implies rotor tip speeds of at least 1,900 ft./sec. 
and the stresses must be near the limit for materials 
with present day strength/weight ratios. Also serious 
aerodynamic difficulties in the design of the diffuser 
system must have been overcome. It is usual to 
employ much lower stage pressure ratios (1-5 to 3-5) 
in industrial applications in order to keep down 
stresses and obtain the highest possible efficiencies. 
Intercooling is comparatively easy with multi-stage 
centrifugals, as the air is delivered to the outside 
diameter after each stage, where it can be cooled 
before being led into the next stage. 
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Fig. 9. Centrifugal compressor. 


It is not usually considered worth while using a 
centrifugal for flow quantities below about 500 c.f.m. 
and much larger volumes are preferable, as otherwise 
sizes are tiny and rotational speeds very high, some- 
times up to 50,000 rp.m. or even higher. The upper 
limits on throughput with aerodynamic compressors 
are purely those of manufacturing capacity and the 
supply of power to drive them. 

The detailed shape of the characteristics of cen- 
trifugals can be varied widely. For example, a 
vaneless diffuser system gives very wide operating 
range between surging and choking and in some cases 
may almost eliminate surging. However, this is 
only possible with low stage pressure ratios and 
entails rather low efficiencies. Vaned diffusers can 
give much higher efficiency and stage pressure ratio, 
but sacrifice width of characteristic. Swept-back 
impeller vanes achieve something of the same object, 
but again can only be used at low pressure ratios. 
To give some idea of size and speed, a typical single 
sided centrifugal with a 20-in. diameter impeller 
(about 3 ft. 6 in. overall diameter of compressor) 
running at 17,000 r.p.m. would give a delivery 
pressure of about 45 Ib./sq. in. g. with a throughput 
of about 15,000 c.f.m. The volume flow could be 
reduced considerably without having to increase the 








Fig. 10. Axial flow compressor. 
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speed or decrease the size, perhaps down to about 
5,000 c.fm. Weight can be very low — for a two- 
stage machine to deliver air at 100 lb./sq. in. g., a 
figure of 10 to 20 c.f.m./Ib. for the compressor alone 
should be quite possible. Most industrial machines 
would use several stages for 100 lb./sq. in. g. air and 
would be very much heavier and bulkier. 

Manufacture of centrifugals requires good accuracy, 
sound forgings for the impellers and a technique for 
making the curved inlet guide vanes. No very special 
techniques or machines are needed and cost per 
c.f.m. is not likely to be high especially with the 
larger flows. 


the axial compressor 


Serious development of the axial flow compressor 
began only in the 1930s. A typical modern machine 
is shown in Fig. 10. Previously, only low pressure 
ratio fans and a few very inefficient multi-stage 
machines had been built. The great development 
incentives for aero-engine gas turbines have been the 
very low frontal area and the potential high efficiency. 
Also high pressure ratios up to about 8 (needing 
not less than eight or nine stages) are attainable on 
a single shaft without intercooling, whereas multi- 
staging of centrifugals is rather cumbersome for an 
aero engine. 

Extraordinarily high flows can be passed through a 
small diameter axial flow machine and values of over 
25,000 c.f.m. per sq. ft. of total frontal area (including 
the hub and casing) are not uncommon. Isentropic 
efficiencies of about 90%, without cooling, are now 
quite usual under optimum conditions. However, 
the axial has a number of disadvantages for industrial 
use and is in fact only likely to be justified in large 
sizes when flows upwards of 10,000 c.f.m. are required. 
The manufacture of blading is a difficult and ex- 
pensive business because of the profile shapes and 
accuracy required. This becomes less serious in 
larger sizes as the number of blades required does not 
vary greatly with throughput. Also in small sizes the 
aerodynamic performance is poorer and the machine 
very susceptible to dirt and to accidental damage. 
Width of characteristics is generally smaller than with 
a centrifugal. So it seems likely that the axial is 
likely to be most used where large flows are required, 
preferably with a reasonably predictable load, such 
as for example in blast-furnace blowing or high speed 
wind tunnels. A remarkable example of the latter 
type is described in Ref. 2. This has a tip diameter of 
18 ft. and maximum throughput of the order of 
34 million c.f.m. The performance which was 
required could only be attained by means of an axial 
compressor, and even then necessitated the provision 
of means of altering the number of stages in use. 


control of aerodynamic compressors 


Because of their liability to surge and the fact that 
they are used mainly for large flows, when receivers 
are not practicable, the control of aerodynamic 
compressors may present rather complex problems. 
Various different operating regimes may be required 
from constant pressure with varying flow to constant 
flow irrespective of pressure, or some intermediate 








combination of flow and pressure variation. Variable 
speed drive may or may not be available. A com- 
plicating feature is that the performance of aero- 
dynamic compressors is very sensitive to ambient 
temperature as well as to pressure. Actual detection 
of the approach to surge is difficult and usually the 
best that can be done is to limit delivery pressure, 
making due allowance for likely variations in ambient 
conditions. Apart from speed variation, the usuai 
control variables are blow-off, inlet throttling or 
variable diffusers or inlet guide vanes. These are 
usually operated by some means like the Askania 
regulator system (the operation of which is described 
in detail for various applications in Ref. 3). 

There is no doubt that more sophisticated forms 
of control system could be developed which would 
permit fuller use to be made of the potential per- 
formance of compressors of this kind. Such systems 
would depend on measurements of factors like Mach 
numbers or flow angles at appropriate points in the 
machine. So far, the use of aerodynamic compressors 
has not been sufficiently widespread to necessitate 
this kind of development for general use. 


some remarks on the driving means 


Considering the various possible means of driving 
compressors, there is no doubt that, excluding electric 
motors, the diesel engine is by far the most economical 
engine, so far as fuel cost is concerned, in the medium 
size range — say up to a few hundred horsepower. 
Above this size range the steam or gas turbine may be 
an attractive means of driving an aerodynamic 
compressor. There is, by comparison, little to com- 
mend the petrol engine except lower first cost and 
somewhat lighter weight. 

Where weight is really important it is no use trying 
to use a light weight compressor with diesel drive. 
The gas turbine is ideal in such circumstances and 
various proposals have been made, and some tried, 
ranging from a separate compressor of the vane or 
Lysholm type driven by a gas turbine, to integrated 
schemes where the compressed air is bled from the 
main gas turbine compressor and perhaps boosted in 
a small high pressure stage. Such schemes are likely 
to have low overall efficiencies unless complicated 
by the use of heat exchangers which will somewhat 
reduce the weight advantage and increase the cost. 
Consumptions will probably be in the region of 
4 c.f.m. per lb. of fuel per hour at 100 Ib./sq. in. g. 
and full load. Weights may be as low as 2 c.f.m. per 
lb. total weight, giving an improvement over present 
day portables as great as a factor of 30 or more. 
However, it is certainly true that there are many 
problems, such as those of control, to be solved before 
machines of this kind are available. They will then 
make possible the supply of large quantities of 
compressed air power in places otherwise inaccessible 
to it, and will also be especially valuable in cold 
climates where the attributes of the gas turbine are 
particularly favourable. 
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batch production 


of piston type 


hydraulic control 


valves 


T HE field of application for hydraulic control 
valves is steadily increasing and the standard of 
performance demanded becomes more exacting. In 
this particular treatise the emphasis is on the piston 
type valve which consists basically of a hardened and 
ground spool sliding in a cast iron body which, by 
virtue of the lands in the spindle and the annuli and 
ports in the body, permit the flow of oil to be 
directed to the input of various types of hydraulic 
cylinders whose pistons perform mechanical functions. 
These valves are illustrated in Figs. 1, 2 and 3. 
Typical applications are seen in Figs. 4 and 5, but the 
range reaches far into agricultural, industrial and 
mechanical handling mechanisation. Excavators and 
trench diggers, cement mixers and bulldozers, fork 
lift trucks, are but a few of many. 

Fig. 5 shows the Simon _hydraulically-operated 
platform where the bank of valves controls the jack 
knifing of the upper and lower booms and _ the 
swivelling action of the whole in either direction. 
Although in this case the valves are mounted at the 
base, this sequence of operation, which can be varied 
or performed simultaneously, is carried out by foot 
pedals on the platform but mechanically linked to the 
valve operating levers. It must be remembered that 
under such circumstances, where a machine is 
working continuously for hours, the hydraulic system 
is subjected to very great strain and, quite apart 
from design consideration, the production quality of 
the components must be of a high standard. The 
multiplication of units for one-man operation can be 
achieved without much difficulty provided that 
accurate machining of block faces and “O” ring 
counter-bores is carefully observed. 

The operating pressures commonly required for 
such applications range from 1,500 - 2,500 p.s.i. and 
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production to this end calls for a very close measure 
of control in all stages of machining and assembly. 
For this reason, batch production is found to be a 
satisfactory method which eliminates _ selective 
assembly in the final stages. Since it must be recog- 
nised that, with standard machines and under 
commercial conditions, the direct measurement of 
the clearances, between piston and valve body, in 
tenths of thousands ceases to be a_ practical 
proposition and must be determined by feel and 
indicated by static pressure-gauge reading. Further, 
oil viscosity and temperature are important factors 
in the successful operation of these valves and, 
therefore, a final check is required. This can be done 
by operating the valve at a known temperature and 
measuring a leakage rate of oil passing the final 
lands of each spindle and recording this leakage in 
cubic inches per minute. 


materials 


Not neglecting the economics of production it is 
found that, for such purposes, the combination of 
cast iron and steel will give satisfactory results when 
careful consideration is given to the selection of 
material specification. Taking, firstly, the cast iron, 
the basic requirements are :- 


complete absence of porosity; 
a uniform density; 
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a tensility that will withstand deep machining 
of an irregular pattern with minimum distortion 
(see Fig. 6); 

4. a density of structure such that the edges of 
machined annuli will remain sharp; 
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Fig. 1. 


5. wear resistance to the point that a skin tends 
to be formed on the surface, thereby giving long 
life against the continuously reciprocating 
action of the hardened steel piston; and, lastly, 
but by no means unimportant, 

6. a coefficient of expansion compatible with that 
of the steel spindle and such that, under 
operating conditions ranging between 20°F to 
200°F, will not introduce a_ differential 
resulting in failure of the valve through either 
excessive leakage or spindle seizure. 


These conditions can be satisfied by the use of a 
grey iron to the specification B.S.0000/17 1 which 


has :- 
(a) tensile range 17 tons p.s.i.; 


(b) Brinell 207/255; 


(c) co-efficient of linear expansion .0000056 in. 


This is approximately equivalent to a Meehanite 
of G.C. quality. 
Secondly, the steel from which the piston is pro- 
duced should have the following properties :- 
(a) a low content carbon but suitable for case 
hardening; 
(b) machinability ; 
(c) a microstructure such that a surface hardness 
can be produced to a Vickers diamond hardness 
of 740 - 780 or a Rockwell C 60 to 61; 
(d) resistance to distortion; 


and supplied as bright bars in a cold worked 
condition. Here, an EN32B (S.14) will satisfy the 
requirements since the specification 2 shows :- 


Carbon for wi .10 - .18 max. 
Manganese ... .60 - 1.00 max. 
Sulphur ___... bes .070 max. 


and the combination of manganese and sulphur con- 
tents provide an improved machinability. This-has a 
tensile strength of 32 tons/sq. in. and the coefficient 
of linear expansion may be taken at 00000636 in. 







Fig. 2. 


which, under normal working tolerances, is com- 
patible with that for the cast iron selected. Other 
materials used in the overall production such as end 
castings, rubber ‘‘O” seals, springs and the steel 
operating lever, require no special comment. 


breakdown of components and batch sizes 


As mentioned earlier, close control of machining 
and assembly is a prerequisite for optimum per- 
formance of the finished product. This in itself, 
though not an adequate reason for batch production, 
is supported by the additional factor that the cast 
iron valve bodies require a period for equilibrium of 
molecular stress between completion of the heavy 
deep machining and the production of the final bore. 
There is also the matching of the ground spindles 
before the honing and final lapping takes place. It 
is quite erroneous and futile to presuppose that there 





Fig. 3. 





can be any free interchangeability of spindles even 
with elaborate methods for control of grinding size. 


Neither can the commercial aspect be forgotten 
inasmuch as hydraulic control valves of this nature, 
even when complete with cylinders and ancillaries 
such as pumps and tanks, are usually supplied as 


original equipment and form part of a much larger 





machine of disproportionate cost. In _ practice, 
therefore, it is found that a batch size between 75 
and 100 sets is a convenient quantity to follow 
through the various stages. The production of fittings 
and attachments which come under the normally 
accepted machine limits, and even the rough 
machining of spindles, need not be controlled in any 
particular quantities. 
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production 


For simplicity, reference to the equipment involved 
in the production of the fundamental components is 
best made progressively when analysing the methods. 
For brevity and as in the earlier consideration of 
types of materials, it is not necessary to discuss in 
detail the production of fittings such as end castings 
and operating mechanism, since these may be varied 
to suit different applications and conditions. 


The valve body, of which details are shown both 
in Fig. 6 and Diagram 1, is received from the foundry 
as a Casting measuring approximately 63in. X 22 in. 
x 3¢in. On an Archdale production milling 
machine running at 50 ft. per minute, these are held 
in machine vice and slab milled at a feed rate of 
2 ft. per minute, the faces being machined in the 
order — front, back, sides and, finally, ends. A normal 
allowance of .010 in. is left for surface grinding with 
the block located on a magnetic chuck and the use 
of a fixture ensures that the faces are square to each 
other within the degree of accuracy required. 
Initially the end faces were ground to the tolerance of 
+ .003 in. on the overall length, but this gave rise 
to the possible introduction of error when boring the 
annuli in a later operation. For this reason the ends 
are left after slab milling with a .020 in. allowance 
for facing on the combination turret lathe at the 
boring stage 3. 


importance of handling 


From this point careful handling becomes of 
paramount importance because, apart from the loca- 
tion in the various jigs and fixtures, blemishes on the 
faces may cause leakage in the final assembly or 
distortion of the bore resulting in “ sticky” pistons. 
Either of the two sides (since in final assembly they 
will not be in face contact) is selected at a datum 
face and bench marked “A”, and the block is 
located in the composite drill plate with datum face 
forward. Two holes on each side in turn are drilled 
gin. and reamed and become the master locating 
points for all subsequent machining and, finally, when 
fitted with dowels, for assembly. With datum face left 
and locating in fixture (Figs. 9 and 10) the 1% in. 
diameter hole is drilled at 290 r.p.m. and feed of 
010 in. per rev. 


The boring and cutting of annuli may be done 
effectively on a Herbert 7B combination turret lathe. 
The requirements are: firstly, a suitable fixture (see 
Fig. 11(a)) in which the valve body is located again 
by the dowel holes and retained by a plate so that 
the pressure is evenly spread. This is very important 
as retention by a small pad was found to produce 
distortion of the bore after release from the fixture. 
The block is located with the datum face forward for 
the first part of the operation, i.e., facing, boring 
and cutting annuli Nos. 1, 2 and 3. Secondly, 
a boring bar — located in the turret and of 
sufficient length to engage with a ball race bearing 
and felt wiper situated in the spindle of the head- 
stock — is fitted with adjustable Ardoloy tip and set 
to bore at finished diameter less .008-.010 at a 
normal speed of approximately 260 r.p.m. and feed 





Fig. 6. 
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Diagram 1. Valve body. 











Fig. 7. 


.004 in. Thirdly, a cobalt H.S. steel boring tool set 
up in the front tool post. It will be seen from 
Diagram 1 that the cutting of the annuli positions 
must conform to the tolerance of —.003 in. This, of 
course, is dictated by valve design and the degree of 
overlap of the lands on the sliding piston. After 
facing and completing annuli 1, 2 and 3 the block 
is removed, turned round but not over, so that the 
datum face is facing the rear tool post. The block is 
faced with two further annuli cuts. It is found in 
practice that, when machining valve blocks of this 
length and bore, it is not possible to obtain sufficient 
rigidity of the boring tool to allow cutting of the five 
annuli from one setting. Further, to ensure that sharp 
edges are maintained, the boring tool (7, in. wide at 
cutting edge) is operated in three cuts as shown in 
the sketch. It must also be remembered that at each 
cut of the boring tool backlash in the traversing gear 
of the saddle must be taken out. 


Considerable heat is generated in the foregoing 
operations and it is found that, by leaving the block 
to “weather” for 14 days before final boring, the 
subsequent honing and lapping-in of the piston will 
be an easier operation and produce a better test 
reading. The inter blocks and effluent end plates, as 
seen in Fig. 7, require the same degree of finish for 
engaging faces as for the valve body but the 
machining after grinding, apart from close attention 
to the dowel holes, has no peculiarities and calls only 
for drilling and counter-boring for the location of 
the rubber “O” rings. Care in handling is equally 
as important, since mating faces must be free from 
blemish. 


The final operation may be done on such equip- 
ment as a Boley fine boring machine. Usually the 
recommended procedure is to set up a rotating bar 
between the two driven centres (the tail being 
synchronised with the head by its own independent 
motor) and to operate, for cast iron, at the lowest 
available speed of 1,500 r.p.m. In spite of using the 
largest possible diameter bar (in relation to the bore) 
and a carbide tipped tool, the result was quite un- 
satisfactory because of chatter marks which appeared 
over a wide range of feeds and varying sizes of cut 
from .002 in. to .008in. The use of a diamond tip 
was considered but had to be rejected on the ground 
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of cost. After much experiment it was found that a 
very satisfactory result could be obtained by reducing 
the speed to 525 r.p.m., the feed to .00088 in. per 
rev., and a depth of cut of approximately .005 in. 
In the case of the latter figure this is a compromise 
between a .002 in. cut which causes rubbing and, say, 
a .010in. cut which, although producing a good 
linish, results in rapid tool wear and a tendency to 
taper. Also it was found necessary to substitute for the 
bar driven at both ends, a bar driven only from the 
spindle. This has the added advantage that there 
is nO necessity to remove the boring bar from between 
the centres to set up each block in the fixture. The 
fixture, as in previous operations, contains the two 
dowels for picking up the master holes in the valve 
body and only very light clamping is required (see 
Fig. 12). Between the operations of rough and fine 
boring and because of the weathering period, it is 
necessary to apply a thin film of oil to the ground 
blocks but it is interesting to note that any trace of 
oil entering the bore will reduce tool life in the 
final operation. For ease of adjustment, the boring 
tip may take the form of a Microbore tool and under 
normal conditions with the correct grade of tip, 
a batch of approximately 75 blocks may _ be 
machined without regrinding or resetting. 


vertical boring 


Although the result produced by a horizontal pre- 
cision boring machine ‘is of an acceptable standard, 
vertical boring for this class of work may often give 
an improved quality. The basic argument in its 
favour is that the boring bar, driven from the bottom 
end and guided by a travelling centre at the top, 
produces no wear through side strain on the bearings 
and the whole thrust is taken at the bottom. Another 
advantage is that swarf clearance presents no problem 
whatsoever. For cast iron, this type of machine 
operates at about 1,500 r.p.m. with a feed of approxi- 
mately .0005 in. per rev. Currently, an investigation is 
being made into the possibilities of using a super- 
finishing roller mandrel because, in theory, there 
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would then be no necessity for honing. There is a though minute, is sufficient to cause a sticking piston. 


claim by the manufacturers that the surface is com- The grooves, therefore, ensure that there is always a 
pressed to the extent that there is a 50% strengthening balance of oil pressure, after the momentary initial 
over the core hardness and an excellent surface finish. kick, and the distortion is eliminated. These grooves, 
Although it is said that splined holes can be finished however, must have sharp edges since a radius or 
machined by this process, the possible main dis- chamfer, however small, would encourage any 
advantage yet to be proved is that there might be particle or foreign matter in the oil to try to ride on 
some breaking down of the edges of the annuli, or a to the lapped surface of the piston land and again 
distortion of the clean sharp corners so essential for result in distortion or leakage. 


the successful operation of the valve piston. The 
Berlin Material Testing Bureau claims that, in the 
case of grey cast iron, microscopic checking has 
shown that all the ridges of the surface have been 
fully flattened and that it becomes highly wear 
resistant with good sliding properties. If the experi- 


Hardening may be carried out by induction method 
if such equipment and jigging is available on, say, 
a Delapena high frequency machine. This is perhaps 
the best when quenching can follow continuously 
behind heating and gives a result very free from 
distortion. Alternatively, the normal method can be 


ments prove successful, not only would control of applied :- 
a on accurate but production time would Heat to 860°C - 880°C. and oil quench. 

The piston, or valve spindle (Diagram 2), made Reheat to 760° - 780°C and water quench. 
from S.14 material is turned to grinding size on a Follow by tempering at 165°C - 175°C 5. 
No. 3a Ward, and the flats milled. Carburising to a The grinding operation, which is quite straight- 
depth of .030 in. follows and then, between centres, forward, is carried out on a Newall type XL plain 
the annular grooves are cut and the ends drilled and cylindrical grinding machine after centred brass plugs 
tapped. Cross holes, too, are drilled at this stage. have been screwed into each end of the piston. A 
Accuracy is required in the milling of the metering white Bauxilite wheel with a specification of 
slots and the turning of the 14 small “V” grooves. UNI/WA/70 MV is suitable and will produce a 
The purpose of the former is to enable the valve to be 10 micro inch reading. Here the tolerance on dia- 
“cracked” on operation more easily than would be meter is .0005 in. 
possible with the land “cay over the ge aie 
annuli at full diameter. The function of the sma 
grooves may not at first be apparent. At high assembly 
operating oil pressures the sudden opening of a port The first phase is the honing of the valve body 
will cause a side thrust on the piston which forces out and the lapping in of its piston which then ceases to 
the oil film and gives a virtual metal to metal contact be interchangeable. ‘There are various types of 
coupled with a distortion along the axis which, machines but the Delapena, fitted with a horizontal 
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Diagram 3. Valve assembly — part section. 
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Diagram 4. Arrangement of assembly to measure leak rate. 














mandrel and foot controlled for speed, is a suitable 
type. Honing fluid is applied continuously to the 
stones which revolve up to 140 r.p.m. and the valve 
body is supported and reciprocated manually. 
Although the practice of honing generally can be 
carried out mechanically, it is found that for this 
class of work the operator’s skill is a factor, since the 
result is better when the mandrel is not rigid. In 
this operation, any “ bell-mouthing ” of the bore must 
be avoided and the honing is more of a smoothing 
process rather than removal of metal. A piston in its 
finished ground state is introduced into the bore and 
slowly lapped in by holding the piston by the tongue 
in a vice and working the block on to it. The honing 
stones in the first part of the operation will have left 
sufficient residue of abrasive material in the honing 
fluid, so that no other is necessary. When it is con- 
sidered, by feel, that the correct fit has been obtained, 
the block and piston are washed thoroughly in paraffin 
and tested against a static oil pressure. In_ this 
instance there is a port to each half of the block 
(see Diagram 3) and with the piston in the neutral 
position a pressure of 400 lb. p.s.i. is applied. This 
figure is derived experimentally. If the piston will 
sustain a higher figure then it will be found that on 
assembly of all the units, there will be a tendency 
for the pistons to stick. Conversely, a lower figure 
will result in a leakage rate greater than permissible. 

The valve blocks with their individual piston may 
now be assembled sandwich fashion with the inter 
plates and the oil sealing rubber “O”’ rings (after 
tapping in the locating dowels) and end castings, 
springs collar and operating levers. The six clamping 
bolts are passed through the whole assembly and the 
tightening of the units should be done with a torque 
spanner and in the same way as an engine cylinder 
head is pulled down. Over-tightening always pro- 
duces distortion of the blocks and pistons. 


testing 

Finally, there remains the testing of the assembly. 
As mentioned earlier, the leak rate is the first require- 
ment. The complete block of four valves is mounted 
as shown in Diagram 4 with all spindles in the 
neutral position. With the effluent port blocked the 
oil pressure is applied at the feed side. It flows 
through the common circuit and bifurcates at each 
spindle. A thermostatically controlled immersion 
heater is fitted to the supply tank and raises the oil 
to 180°F. This is drawn through a four-cylinder 
piston pump and the circuit is fitted with a relief 
valve, pressure gauge and control valve. The com- 
bined leak from both halves of each piston is 
measured and, for this type of valve and its particular 
application, must not exceed half of 1 cu. in. per 
minute. This may seem exacting, but the successful 
operation of the machine which these valves control 
depends on the immediate response and unfailing 
action of the pistons in the cylinders. The main static 
load of the machine is usually left “ standing on” the 
oil pressure and the valve piston and, therefore, any 
excessive leak rate causes the load to drop. 

The leak rates are recorded and entered on to a 
test certificate which accompanies the finished product 











Test Certificate No.......... 


Static Test Particulars for Valve Type No. 
Leakage Rate — Cubic Inches per Minute 


Valve Block Block Block Block 
Serial No. No.4 No.3 No.2 Nol Date 

BA.123 Nil 5 25 Nil 
124 i2o a a 29) etc. 


Note: With feed ports uppermost blocks read from 
left to right. 


Pressure: lb./sq. in. — 1,500. 


Oil used during test: Wakefield Icematic Light — 
Temperature 180°Fahrenheit. 





















Fig. 11 (left). 


Fig. 11(a) (right). 





Fig. 12 (left). 


Fig. 12(a) (right). 
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If it is found that for any particular valve block the 
leakage is excessive, there is no alternative but to 
dismantle and replace with another block and piston. 
It may now be realised that the close control applied 
to all the earlier operations was necessary in every 
detail if a low rejection rate is to be maintained. 
Although the initial material cost is low, the 
machining and labour have considerably increased its 
value. 

For the running test, a bank of four double-acting 
cylinders are piped in and the effluent side of the 
complete assembly is fed back to the oil reservoir. The 
oil is allowed to circulate freely until such time 
as the whole assembly has been lifted in temperature 
to approximately 150°F. The choice of oil is 
important and experiment shows that an Icematic 
Light will fulfil the conditions, since the usual require- 
ments for this class of work call for chemical stability, 
high lubricity and the correct viscosity. The ideal oil, 
if such a thing existed, would be one whose viscosity 
was invariable over a range of temperatures. There 
must be no oxidation which might form sludge and, 
under working conditions, the film strength should 
be adequate to prevent metallic contact. In the 
earlier mention of hydraulic lock the film, though 
microscopic, must be assisted by the balancing “ V ” 
grooves. During testing, cleanliness of the whole 
system must be observed as any grit or abrasive 
material will score the rubbing surface. Therefore, 
the reservoir tank or the oil circuit is fitted with 
removable filter units. During the functional test 
the spindles are operated singly, simultaneously and 
in any combined sequence. The relief valve in the 
circuit remains at 1,500 p.s.i. but there is always the 
higher flick pressure which cannot be measured on 
normal pressure gauges. Where necessary, in the 





prototype stage these figures may be obtained on 
electronic equipment. 

If care in the lapping in and assembly of the 
blocks has been exercised there will be no sticking 
spindles, but if a spindle fails to return to neutral 
instantly on release, the whole must be dismantled 
and the failing block replaced. In addition there must 
be no leaks from between the inter or effluent plates 
nor from end castings or ports. Detection of leaks is 
often made easier by introducing a red dye into the 
oil circuit. After test the assembly is drained and 
all ports are sealed with either masking tape or dust 
caps. 


conclusion 


The foregoing methods apply to merely one variety 
of piston type hydraulic control valve and the design 
in this case, but not the production method, is 
subject to a British Patent Application. Many other 
valves, even of the spool type, do not require such 
accurate control in their production but it is usually 
found that they are not required to operate at such 
high pressures. Even so, close control of finish boring 
and grinding improves efficiency, lengthens life of 
operation and reduces the rejection rate. 
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Ventilating of Factories 


a review of developments and methods 


by F. CARTER 


presented to the 
Ipswich and Colchester Section of the Institution 
on 13th December, 1957 


i discussing this subject, I shall deal with the 
forms most commonly used and, in addition, review 
certain of the post-War developments in this branch 
of engineering. 


Before considering methods of heating or 
ventilating, we can first examine the requirements of 
the Factories Act in respect of Space Heating which 
states, and I quote from the Act: 


“In every workroom in which a substantial pro- 
portion of the work is done sitting and does not 
involve serious physical effort, a temperature of 
less than 60°F shall not be deemed, after the 
first hour, to be a reasonable temperature while 
work is going on, and at least one thermometer 
shall be provided and maintained in a suitable 
position in every such workroom.” 


It will be seen that the wording of this Act is very 
loose, excepting insofar as sedentary workers are con- 
cerned and, because of this, the standards of heating 
in certain factories fall far below what might be 
reasonably expected in order to obtain efficiency from 
the workers. 

Prior to the last War, there were a number of 
factories where the heating fell very far short of the 
Factories Act and it was perhaps fortunate for factory 
owners that the Factory Inspectors seldom exercised 


510 


The Heating and 
























their full powers. The War years necessitated in- 
creased production in our factories and managements 
realised that environment played a large part in 
their production statistics. In general, factories were 
employed to capacity and greater finance became 
available during the War for improvements. The 
result of this was that many executives spent consider- 
able sums of money on welfare facilities for their 
employees in the way of canteens, toilet blocks and 
First Aid stations. In addition, they made greater 
improvements in their factories during the few years 
of the War than had taken place over the previous 
20 years. These improvements covered heating, 
ventilating, and lighting. An examination of a 
modern factory shows a high standard of heating 
and, where necessary, ventilating. Following the War, 
it is true to say that in general there has been a 
full state of employment in most of our factories, 
which has enabled large numbers of employees to 
choose the employer for whom they would work and, 
in making this choice, they have given consideration 
to the factory amenities as well as the wages they 
would receive for their labours. 


It is to a large extent due to these factors that one 
now seldom sees factories being heated by slow com- 
bustion stoves and other even more antiquated 
hit-and-miss methods. 
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the ideal installation 

We therefore come to the question “ What is the 
ideal installation ?”. Unfortunately the answer is 
still — “there isn’t one”. The true answer is — one 
that provides the greatest comfort effect for the 
minimum capital cost and, coupled with this, the 
lowest costs in fuel and maintenance. 


We must therefore consider various ways and 
means and then decide which is the right one for a 
particular factory. I stress “for a particular factory ”, 
because what might be right for one factory might 
not be right for another. Such factors as periods of 
occupation, type of work undertaken, availability of 
the various types of fuel or energy and what is most 
important, the constructional details of the factory, 
must be taken into consideration. 


Before deciding on the method of heating a factory 
it is first of all necessary to determine the heat losses 
of the building. This is known as the “ computation 
of the heat requirements” and is a fairly long and 
laborious process. Heat losses from a building take 
place through the walls, floors and roofs, and their 
extent is dependent on the nature of the building 
materials forming the construction. It was quite 
common practice before the War to see factory walls 
and roofs constructed entirely of corrugated asbestos 
or iron. Although capital cost is of considerable 
importance, I find it hard to believe that the people 
responsible for building such premises appreciated 
that the heat loss was approximately 50°/, greater 
than if they had built the whole place of ordinary 
glass. The heat loss factor from unlined corrugated 
asbestos is approximately 1.5 and from glass 1.0. 


To form some idea of the seriousness of this, I 
have taken as an example an engineering factory in 
the Eastern Counties which has approximately 
300,000 sq. ft. of roofs and walls constructed from 
corrugated asbestos sheeting. The heat loss figures 
for unlined asbestos sheeting is approximately three 
times that of lined sheeting, and by applying in- 
sulation to these areas of corrugated asbestos a saving 
in fuel cost of approximately £6,000 per year could 
be obtained. This is based on using 220 seconds fuel 
oil. The cost of applying insulation could be written 
off in fuel saving in approximately five years. 





Whilst in a democratic country any Government 
legislation which may restrict freedom of action is 
resented, I most heartily welcome the proposed Bill 
recently before Parliament which gives certain 
powers to local authorities, in the way of requiring 
minimum standards of insulation to be provided in 
buildings before the plans will be passed. The 
industrial economy of this country depends to a large 
extent on our ability to use wisely our limited 
resources of coal, and any means which will prevent 
the indiscriminate waste of fuel must, I feel, be 
welcomed by all sound-thinking people. 

To the losses through the structure must be added 
the amount of heat required to make up that lost 
due to infiltration. By that I mean losses through 
doors, ridge and eaves, and all other leakages in the 
structure. In a large factory the cubic capacity can 
be enormous and, therefore, when we speak of only 
one or two air changes per hour, it can represent 
h'gh costs in capital for the heating plant and, in 
addition, perpetually high running costs. The answer 
to this is for factory executives to take whatever steps 
are practicable to reduce leaks in their buildings, 
especially at such places as the ridges and eaves and 
through large door openings. It is quite common to 
see employees using large doors when, if smaller 
doors were provided, better conditions in the factories 
would be obtained, with the use of less fuel. Steps 
should also be taken by executives to provide 
electrically operated roller shutter doors where such 
large doors have to be used intermittently for the 
passage of goods. 


common forms of fuel 


Having completed the heat loss calculations, one 
must then determine the form of energy that is to be 
used to provide the heating. The most common forms 
of fuel used at present are coal, oil, gas and electricity. 
In the 1930's this country had an excess of coal over 
its requirements, resulting in unemployment in the 
mining industry at various periods. In an attempt to 
counter this the Government have, from time to time, 
varied the rate of tax on imported oil fuel, with the 
result that building owners were on several occasions 
changing from oil to coal and then back again to oil 
when the tax was reduced. 
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Fuel Pri B.T.U.s per d. at Operating B.T.U./d. at 
— 100% efficiency efficiency corrected efficiency 
COAL £6 16s, Od./ton 16,500 65 % 10,700 
Fig. 1. Comparative 
OIL (220 sec.) 12}d./gallon 13,700 70% 9,600 costs of fuel. 
GAS 20d./therm 5,000 100 % 5,000 
ELECTRICITY 1$d./unit 2,275 100% 2,275 











It seems that in our present economy we shall be 
unable to meet all our requirements in the way of 
solid fuel and, because of this, the Government have 
encouraged high capital development schemes during 
the post-War years in British oil refineries. Knowing 
this, it seems that short of an international catas- 
trophe we can — in my view — accept oil as a 
permanent contribution to our fuel requirements. Gas 
and electricity, being by-products of coal, make 
further demands on our limited coal resources. Those 
responsible for the sales of oil, coal, gas or electricity 
are usually biased in favour of the particular form 
they have to sell and the consumer is therefore all too 
often confused with figures prepared by these various 
people, all of which show that their particular fuel 
is the right one to use. There are many factors to be 
considered in addition to the actual comparative cost 
of obtaining a similar number of heat units for a like 
amount of expenditure. Such factors are labour in 
attendance upon the plants, flexibility to meet the 
particular requirements of the particular building. 
capital costs in forming boiler houses, chimneys, and 
soon. All these can strongly influence the final 
decision on the most suitable fuel to be employed. 

I shall now attempt to set out figures in relation to 
the various grades of fuel without suggesting that : 


(a) the cheapest is always the one to use; and 
(b) the most expensive the one never to be used. 


There are cases for the use of all fuels, and we can 
only reply upon sound advice and good judgment 
being exercised in determining what is the best 
solution to a particular problem (see Fig. 1). 

The figures I shall use are, in the first case, based 
on 100°/, efficiency being obtained from all fuels and 
show the respective B.T.U.’s obtained per penny. It 
is obvious that 100°/, efficiency cannot be obtained 
when burning coal or oil, and unless direct gas 
fired space heating equipment is used, the same is 
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true for this fuel. In actual fact, makers of direct 
gas-fired space heating equipment do not usually 
claim 100% efficiency, but the figure is so close to 
100% that for the purpose of discussion 100°/ 
efficiency is being used in this case. In the case of 
electricity, 100°, efficiency is used. 


boiler plants 

I now propose to deal briefly with the subject of 
boiler plants. There are many installations through- 
out the country where the boiler plants are in the 
sole charge of an odd-job man, or perhaps one of 
the non-technical office executives. In doing this it 
must be assumed that the buildinge owners are com- 
pletely ignorant of the money that can almost literally 
be poured down the drain. The operation of a boiler 
plant of any proportion is a skilled job, and if the 
best service is to be obtained, then the right class of 
man must be employed and this can only be done 
if the proper rate is paid for the job. A few extra 
hundreds per year in wages to the proper staff can 
easily be saved in fuel economy and the maintenance 
costs of the plant. Instrumentation is important, but 
here again, it is of little use spending money on 
these if no one properly understands what they all 
mean — and it is true to say that this happens on 
some jobs where the plant has cost the building 
owners many thousands of pounds. Any building 
owner who has a large boiler plant should consider 
most seriously whether he has the best possible staff 
in charge. He can, in addition, get expert opinion 
on the efficiency of the plant from the N.I.F.E. 
organisation. 

Boiler plants can broadly be divided into two 
groups — water and steam — and these two groups 
again divided into high or low pressure water and 
low and high pressure steam. Low pressure water 
installations are those where the operating 
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temperature is below approximately 200°F and are 
generally suitable for the smaller size factories. This 
system usually comprises cast iron boilers and 
radiators. 


High pressure hot water was little known in this 
country before the War and it was the enormous 
building projects built during the War that first gave 
scope for this type of installation. I shall endeavour 
to explain briefly the principles of this type of in- 
stallation. It is readily appreciated that at normal 
atmospheric pressure water boils at 212°F and, at the 
same time, we all remember in our elementary 
training being told that at higher pressures it does 
not boil until higher temperatures than 212°F have 
been achieved. Thus at a pressure of 150 ]b. per 
sq. in. water boils and is converted to steam at 
approximately 367°F. This is the fundamental 
principle of high pressure hot water. On this basis, if 
a boiler plant is operated at 150 1b. per sq. in. it is 
possible to circulate water at a temperature slightly 
below that corresponding to the boiler pressure — 
thus at 150 lb. per sq. in. water is usually circulated 
at about 15°F below the corresponding temperature, 
making a flow water temperature of 350°F. Fig. 2 
will, I hope, make the principles easily understood. 


The boiler used for H.P.H.W. may be of any of 
the usual types used for steam raising, providing 
sufficient provision is made within the boiler itself to 
take up the severe expansion of water volume within 
the whole system that takes place when increasing 
the temperature from cold to the high operating 
temperature. In boilers of the shell type, such as the 
“Economic ”’, sufficient space is usually available in 
the steam space above the water line, but in some 
types of boilers it is desirable to provide a large 
expansion drum. 


In certain factories steam is a necessity for process 
or other works, but this does not necessarily mean 
that separate boilers must be provided to deal with 
the high pressure hot water for heating. It is common 
practice to operate a battery of steam boilers and 
from these same boilers provide steam for process 
work and high pressure hot water for heating 
purposes. 


advantages of high pressure hot water 


Why is it that high pressure hot water has become 
popular in the last 15-20 years and so often super- 
sedes steam for factory heating purposes ? The main 
reasons are as follows :- 


1. Steam is quite inflexible in obtaining varying 
temperatures without varying the pressure. In 
space heating work, variations in temperature 
of the heating medium are the main method of 
obtaining varying outputs from the heating 
installations consistent with variations in 
external temperature. When it is realised that a 
heating system is usually designed to obtain 
a temperature of 60°F in the factory when 
30°F outside, i.e., a 30°F rise above external 
temperature, it will be seen that when the 





external temperature is 45°F, only a 15°F rise 
is required, which is equal to half the normal 
output. With steam as the heating medium it is 
often impracticable to vary the steam pressure, 
with the result that the buildings are over- 
heated unless expensive automatic control 
systems are used. Even with automatic controls 
which can cut off the steam to the heating 
appliance, this is not always practicable because 
of the sudden reduction in load on the boilers. 
With H.P.H.W. it is possible to vary in an easy 
way the water flow temperature to the heating 
system, simply by an adjustment of valves in the 
boiler house, which increases the proportion of 
return water diverted back into the flow main. 
Thus, if it is possible to follow more closely the 
output of the system to match the demand 
occasioned by the variations in external 
temperature, it will bring about major 
economies in fuel consumption. 
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The maintenance of steam traps is avoided. On 
large installations, employing in some cases 
hundreds of traps, it can reasonably be said 
that unless someone is continually watching for 
faulty traps, there is a heavy loss of fuel taking 
place. 


3. The observance of levels of the mains — which 
is so important with a steam installation — does 
not present anywhere near so many problems 
with H.P.H.W. 


4. If high temperatures are used for the flow to 
the systems, it is possible to allow for drops in 
temperature of up to approximately 100°F 
between the flow and return mains, and this 
brings about economies in the sizes of the 
distributing mains and consequent insulation. 


5. On large installations the capital costs of a 
H.P.H.W. installation are generally no more, 
and often less, than a steam system and provide 
flexibility of control that is quite unobtainable 
on steam systems. 


IT will now deal with a number of various ways of 
heating factories and briefly touch upon the respec- 
tive merits or otherwise of the particular systems. 


Earlier in this Paper I stressed that a system which 
might be right for one factory could be wrong for 
another and if, therefore, it appears that I favour or 
criticise a system, it must not necessarily follow that 
there is a standard solution to all our problems. 


Heating of factories in the early part of this 
century mainly consisted of coke stoves, steel or cast 
iron pipes or elements suspended at high level or 
placed around the external walls. These pipes 
generally were fed with hot water at about 180°F, 
or steam at about 5-15 lb. per sq. in. When these 
pipes were placed at low level around the walls they 
were often ineffective because of benches, and when 
at high level below the trusses equally ineffective 
because so much of the heat dissipated was lost 
through poorly constructed roofs. 
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There were few variations in the methods of 
factory heating for the first 25 years of this century, 
until developments commenced with various ways of 
passing steam or water through elements and using 
fans for blowing air across the heated elements, 
which materially increased the rate of heat trans- 
mission. Little or no science was applied to these 
principles and, as can now be expected, the results 
were in general equally as uncomfortable for the 
factory employees as they had previously experienced, 
because they were either in very cold spots or sub- 
jected to what almost amounted to hurricanes of hot 
blasts. 


unit heaters 


It is from these early experiments that what we 
now know as “ Unit Heaters ” materialised. Although 
the early unit heaters were a considerable improve- 
ment in their constructional details over the 
improvised types, the heating engineers had little 
basic data upon which to design a. satisfactory 
installation. 


Let us consider, briefly, the factors which effect the 
design. As I have previously mentioned, the heating 
engineer must first of all calculate the B.T.U. require- 
ments, to maintain a specified temperature inside the 
factory under specified outside temperature con- 
ditions. Makers of Unit Heaters initially produced 
catalogues of unit heaters with the units having 
ranges from approximately 20,000 to 200,000 B.T.U.’s 
per hour and it was left to the heating engineer to 
guess how many of a particular size he should use 
to achieve the desired conditions inside the factory. 
As can be expected, the price factor was all too often 
considered, which entailed the minimum number of 
units being installed. So many unsatisfactory unit 
heater installations resulted from this haphazard 
method, that it became obvious to the manufac- 
turers that they must prepare and publish data 
containing much more detailed information. 


Factors which determine the choice of a unit 
heater from the makers catalogues are :- 


1. Duty of the unit in B.T.U.’s per hour under 
specified conditions of the air temperature 
entering the unit before it is heated. 


2. Temperature of the air after it is heated. 
3. Volume of air handled by the fan. 


4. Velocity of the air leaving the outlet grills or 
louvre. 


5. Degree of silence obtainable. 


It is a combination of the leaving air temperature, 
air volume and velocity that determines the height 
at which the unit can be mounted and the floor area 
that can be effectively dealt with. The higher the 
leaving air temperature the greater the chance of the 
warm air rising into the roof space, resulting in 
little benefit to the factory operatives and severe 
wastage of fuel. 
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Although initially it may appear simple, it can be 
said that the design of a satisfactory unit heater 
installation is quite a problem, and factory executives 
should beware of assuming that the cheapest price 
for a particular installation may give them satis- 
factory results. Money which may be saved in initial 
capital expenditure can be spent many times over in 
high running costs, coupled with constant com- 
plaints from their employers. 


use of town gas 


Continuing this review, I wish now to deal with 
the developments in factory heating using town gas. 
In the early 1930's the various Gas Companies started 
a major campaign to promote the use of gas for 
space heating. As far as I am aware, they were the 
only people who were offering to provide energy 
for heating a building at a fixed sum per annum 
without regard to the amount consumed. The staff 
of these Gas Companies made. their own calculations 
and estimations of the gas that would be used and 
the Companies were prepared to enter into contracts 
with building owners, on a fixed basis. The Gas 
Companies had a say in the form of heating to be 
used and the degree of automatic control to be 
provided. This, of course, was a revolutionary idea 
in heating, and several installations of a major scale 
that had employed: other fuels changed over to gas. 
Other Gas Companies offered gas at a price which 
was really attractive to the factory owner and, taking 
into regard the saving in labour costs, there is no 
doubt that in many cases the factory owners made a 
right decision in using gas. 


Gas can be used in several ways, including boiler 
plants or direct gas-fired space heaters, such as the 
luminous radiant types. Obviously, if appliances 
could be used that had no flue losses these were the 
most effective and, because of this, one saw so many 
luminous gas heaters being used. It was perhaps 
unfortunate that, coincidental with the development 
of these gas radiant heaters, there were so many 
factories that had so little insulation applied to the 
structure. Because of this and insufficient natural 
ventilation, it was possible to see installations where 
severe condensation occurred, thereby causing rusting 
of steel products and other problems. 


There is, in common with most other forms of 
heating, an undoubted place for direct gas-fired 
appliances in factory heating. They are cheaper to 
install than any of the orthodox forms of water or 
steam heating, they can quickly provide comfort con- 
ditions after being lit, and are especially suitable 
where, owing to rates of high air movement, radiant 
heating is the only satisfactory way of dealing with a 
particular project. 


When gas was sold by various private companies 
there were wide variations in the gas tariffs, but 
since nationalisation of the industry there seems to 
be a general levelling up of the tariffs, with the 
result that it is not now possible to see certain Area 
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Boards offering gas at really low prices. Because of 
this, I think it would be fair to say that the demand 
for gas for space heating is falling off, whilst demand 
for other fuels, such as oil, is increasing. 


a fundamental development 


With the outbreak of War little further develop- 
ment took place in the methods of space heating, 
except that during the War years considerable 
development took place in the employment of high 
pressure hot water for very large industrial premises. 
This, however, was only a change in the heating 
medium from steam to high pressure hot water, and 
not a development in the methods of heating. It was 
in 1945 that a fundamental development took place 
in factory heating — in the form of radiant heating. 


The first installation was at a factory in Lincoln- 
shire, which had such an assortment of ways of 
heating a factory that it might almost be termed a 
“Heating Engineers’ Museum”. There were water 
and steam pipe coils at high and low level, water 
and steam unit heaters at high and low level, and to 
complete the collection, gas radiant heaters. The 
management and employees were not satisfied with 
any of the systems and were anxious to find a 
solution to their problems. A firm of heating engineers 
recommended radiant heating. Their proposals con- 
sisted of the fitting of radiant panels, 8 ft. X 4 ft. in 
size, at about 15 ft. centres, around the external walls 
of the building and against the columns of inter- 
mediate bays (see Fig. 3). These units were to be 
mounted so that the bottoms of the panels were about 
9 ft. off the floor. The heating medium proposed was 
high pressure hot water operating at about 350°F. 


The heating engineers had complete confidence in 
their proposals, but the management were naturally 
sceptical as the heating engineers could not show 
them in use an installation similar to that proposed. 
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So confident were the heating engineers that, at a 
meeting with the management (which, incidentally, 
took place on VE-day), they offered to install this 
system in the first section of the works and if after 
12 months the management and the employees were 
not satisfied, they would remove it and install in its 
place any other system which the management might 
choose. After 12 months use everyone was so pleased 
with the results that, over a period of years since the 
first trial installation, all the other types of heating 
have been removed and replaced with this form of 
radiant heating. 


The old story that one cannot have a Rolls-Royce 
for a Ford price is true with heating and radiant 
heating, in the form described, is substantially more 
costly than unit heaters and other similar types of 
heating. Nevertheless, this Lincoln factory has been a 
successful guinea-pig and following inspections by 
numerous factory executives, the development of 
radiant heating has increased enormously in the post- 
War years, so much so, that manufacturers of unit 
heaters — who previously had claimed almost 
Utopian conditions with their products — are now 
amongst the largest manufacturers of various forms of 
radiant heating. 


Coupled with the improved conditions in the 
factories, it has been established that the running 
costs in terms of fuel and maintenance are 
appreciably less than with unit heaters. The life of a 
radiant heating system is also longer than that of a 
unit heater installation, as there are no moving parts 
in the form of fans and motors. 


Whilst on the subject of radiant heating, I would 
like to deal with a further development in this field, 
consisting of continuous strips of radiant heating as 
opposed to the 8ft. X 4ft. units previously men- 
tioned. This strip system consists of continuous 
lengths of steel pipe suspended below the trusses or 
fixed around the walls, and to these pipes radiant 
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plates are attached..The pipes are usually about 14 in. 
nominal bore attached to corrugated aluminium 
radiant plates about 18 in. wide. A special bedding 
compound is used to obtain good adhesion between 
the pipes and the radiant plates, and to prevent loss 
of heat from the back of the plates, high efficiency 
insulation is used sandwiched between the radiant 
plates and an outer sheet steel encasement. Here 
again, this system has recently been used in a factory 
extension where previously unit heaters were em- 
ployed in the original works and everyone is full of 
praise for the results obtained, whereas they had 
been highly critical of the unit heater system. 
Fig. 4 shows these radiant strip heaters fixed to the 
underside of roof trusses in a factory. 

A further interesting development in the post-War 
years has been in the form of self-contained oil, coal 
or gas space heaters (see Figs. 5 and 6). These vary 
in size from approximately 200,000 B.T.U.’s per hour 
to 1,500,000 B.T.U.’s per hour and consist of a unit 
comprising oil, coal or gas burning equipment, a heat 
exchanger and a fan for discharging the heated air 
into the works. They are delivered to the factory 
as a composite unit and need only fuel and electrical 
connections and a flue. No one, I believe, would 
suggest that these are an ideal way to heat a factory, 
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Fig. 4. Radiant strip heaters fixed to roof trusses in a factory. 








but they are cheap in initial capital costs compared 
with the more orthodox forms of heating — 
especially when including the cost of constructing 
a boiler house and chimney. They are particularly 
suitable for large open space type factories and, in 
such circumstances, it is desirable to obtain the 
cheapest grade of fuel — which is usually 200 seconds 
fuel oil as this is approximately 25°/, less costly than 
the lighter grade known as gas oil. 

There is a large number of these various types of 
units on the market and, in my view, the greatest 
care needs to be exercised in the choice of such 
equipment, otherwise the cheapest in initial cost may 
not prove to be the cheapest in the long run. 


floor heating 

There is nothing new in floor heating which was, 
in fact, first practised by the Romans. Floor heating 
can be by means of underground warm air ducts, 
generally following Roman principles, and as now 
applied in some cathedrals, or by means of em- 
bedding low temperature water pipes or electrical 
elements into the concrete floor slabs. The number of 
installations using low temperature water is com- 
paratively few, owing to their high capital costs. 
Such systems have mostly been used in aircraft 
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hangars and, coupled with the floor heating, a number 
of unit heaters of high duty have been employed by 
the large doors. The results have been particularly 
successful in such types of buildings because the 
factory employees have enjoyed a greater sense of 
comfort, even allowing for the intermittent opening 
of the doors — often in the face of prevailing winds. 
This is due to the fact that although there has been 
an appreciable fall in temperature when the doors are 
opened, the factory operative is still subjected to the 
low temperature radiation from the warm floors. 


More recently there has been installed in certain 
factories a system of floor heating using electric 
elements embedded in concrete floor slabs. This 
installation operates on the principle of using 
electricity during “ off peak” hours when it can be 
obtained at a much cheaper rate. In my view, it 
can reasonably be said that there is a very limited 
application for floor heating because, in general, it 
is not possible to provide sufficient heat “input” in 
the floor areas. By this I mean that the factor which 
determines the practicability is the difference between 
floor surface temperature and factory air temperature, 
as it is upon this that the quantity of heat output 
from the floor depends. The floor surface temperature 
must, for reasons of human comfort, be limited to 
approximately 75°F and if the factory air tempera- 
ture is 60°F, it only allows a difference between the 
two of about 15°F. In these circumstances, as I have 
said before, the required heat input — with con- 
sequent heat output — cannot generally be obtained. 


automatic controls 


The foregoing deals with the review of methods of 
factory heating, but before dealing with factory 
ventilation, I want to refer to the question of auto- 
matic controls for heating installations. Earlier in 
this review I stressed the importance of insulating 
factory roofs, because of the resultant fuel saving 
and the improvement achieved in comfort conditions. 
The installation of automatic controls to the heating 
installation can similarly bring about considerable 
saving in fuel and maintenance of comfort conditions. 
Let us quickly examine the benefits of automatic con- 
trols. The basic design condition of a factory heating 
installation is upon an external temperature of 30°F, 
and under this external temperature maintaining the 
required temperature inside the factory of, say, 60°F. 
The difference between external design temperature 
and inside factory temperature is therefore 30°F. 
The average outside temperature in England, during 
the winter months, however, is 43°F, making a 
difference between this average outside temperature 
and the factory temperature of 17°F, instead of 30°F 
upon which the installation is designed. This means 
that when the outside temperature is around the aver- 
age of 43°F approximately only one-half of the heat 
input to the factory is required, and as the outside 
temperature continues to rise, a progressively smaller 
heat input is required. Unless steps can be taken 
by some means of automatic control to reduce the 
heat input to the factory during those times when the 
external temperature is above the external design 


figure of 30°F, very severe wastage of fuel will be 
taking place. There are widely different ways of 
applying automatic controls to a heating installation 
and the design of the automatic controls must be in 
accordance with the particular form of heating pro- 
vided. No new installations should be provided 
without automatic controls, and heating installations 
of existing factories should be examined to see what 
can be done to apply some form of automatic control. 
The initial cost of automatic controls need represent 
only a small percentage increase in capital costs, and 
it can safely be said that it will take a period of 
a few years to write off this extra cost in fuel saving. 
In addition to the saving of fuel which can be 
obtained by the use of automatic controls, there is the 
further question of increased efficiency that can be 
obtained from the factory operatives by maintaining 
a steady comfortable condition within the works. 
Factory executives seem to be quick to appreciate 
the loss of production that arises when the factory is 
cold but, unfortunately, they appear to be slow in 
realising that a factory which is too warm can also 
lower the efficiency of their employees. This is 
particularly noticeable in those factories where the 
work is not mechanised and is of a repetitive nature, 
when output can fall due to a sense of lassitude 
amongst the workers. 


At the beginning of this Paper, I cited the require- 
ments of the Factories Act and in respect of 
ventilation, with which I will now deal, it must be 
stated that the Factories Acts are of a limited nature, 
except in regard to the requirements for the removal 
of odours or fumes which may be detrimental to the 
health of the employees. There is not space here to 
deal with the various special plants necessary for the 
removal of odours and fumes and we must, therefore, 
confine ourselves to questions of general ventilation 
and the equipment that may be used. 


Rates of ventilating spaces of any kind are 
standardised in the form of air changes per hour 
and the number of air changes per hour is a function 
of the volume of air in cubic feet per hour intro- 
duced into the space to be ventilated, divided by the 
cubic capacity of the spaces. Thus, if 3,000,000 cu. ft. 
per hour of air are introduced into the space which 
has a cubic capacity of 1,000,000 cu. ft., then an air 
change of three times per hour is obtained. 


Ventilation can be by natural or mechanical means. 
In the former case, its rate must depend upon the 
natural forces of the wind, and the temperature 
difference between the space to be ventilated and 
the outside air. As it is not possible to control either 
the velocity or the direction of the wind, or the 
external temperature, it follows that equally it is not 
possible to obtain any predetermined rate of air 
change when natural ventilation is employed. 


Most factories of an appreciable size are of the 
single storey type and quite often rely upon windows 
in the external walls and natural ventilators in the 
ridges of the roofs to obtain the required degree of 
ventilation. During cold days it is generally 
impracticable to open the windows to any extent, 
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because of the draughts that would arise and, there- 
fore, more often ventilation is obtained by the natural 
roof ridge ventilators. During times of low external 
temperature and high winds these roof ventilators 
can operate quite efficiently, but so often they are 
responsible for rates of ventilation quite beyond that 
which is necessary for reasonable standards of comfort 
within the factory. In these circumstances, once again 
fuel is being severely wasted. In periods of hot 
weather, coupled with still, sultry days, these natural 
ventilators are less effective than in the winter time 
and because of these reasons, it is perhaps surprising 
to see how extensively they are employed. Is it 
because when a factory is built it appears to the 
person responsible for the building that they are a 
“must ” in the same way as the floor or roof ? The 
behaviour of such ventilators in both summer and 
winter conditions does not appear to be considered in 
detail. 


mechanical ventilation 


If ventilation is to be achieved on a positive basis, 
then it must be by mechanical means. Mechanical 
ventilation can take one of three forms — the first is 
by discharging into the space to be ventilated known 
quantities of air by means of fans and allowing the 
air to escape to outside atmosphere by natural means. 
The second is by extracting from the space, by means 
of fans, known quantities of air and allowing the air 
which is to make up that which is being exhausted 
to enter the factory by natural means, such as through 
doors and windows. The third is to have fans for both 
supplying and extracting air. 

So often one sees means of extracting air from 
factories employed without any thought as to how 
the air to make up that being extracted is going to 
enter the premises, with resultant complaints in the 
winter time that cold draughts exist. This, of course, 
can only be expected when the air entering the 
factory, to make up for that which is being extracted, 
is unheated outside air coming in through doors, 
windows, etc. It is important, therefore, to appreciate 
that if a factory demands mechanical extract ventila- 
tion. on any scale, then satisfactory results will 
seldom be obtained unless mechanical inlet ventilation 
is also provided, and with the mechanical air supply 
plant additional means provided for tempering the 
air to prevent complaints of cold draughts arising. 


There are factories where the production processes 
demand extract ventilation on appreciable scales and 
having, I hope, now accepted the principles which 
demand an inlet supply plant also being provided, 
we might examine the equipment required for such 
plants and how they can be applied under varying 
circumstances. 


extraction plant 


The extraction plant consists fundamentally of one 
or a number of extraction fans, generally connected 
to a system of extraction ductwork, with extraction 
grilles or hoods at the strategic points where con- 
centrated extraction is required. 
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The supply plant, which is to deliver air to. the 
factory to make up for that which is being extracted, 
is similar to the extraction plant, insofar as the fan 
and ductwork is concerned, but in addition will have 
some form of heater battery to temper the air, 
together with air filtration equipment, and perhaps 
an air washer plant. There are very many types of 
air filters, some good and some bad, and I propose 
to examine some of the types available. In considering 
the various types we must relate the condition of the 
atinosphere to be filtered to the degree of 
filtration required, coupled with the capital and 
maintenance costs of meeting these requirements. The 
most effective filter, of course, is one that will arrest 
the largest quantities of all particles of dust, irrespec- 
tive of the size of the particles. Therefore, if one is 
told that a filter is 99.9°/, efficient what does this 
mean ? In actual fact, absolutely nothing, because 
the 99.9°/, efficiency must be related to the size of 
the dust particle —by this I mean that a chicken 
wire screen would be 99.9°/, effective in removing 
particles the size of tennis balls, but it would hardly 
be considered effective as an air filter. Quite recently 
a British Standard Specification has been issued 
defining the methods of determining the efficiency 
of air filters, but, unfortunately, manufacturers 
generally, at present, are not using the specification. 
Therefore, until such time as air filters are sold on 
the basis of this B.S. Specification, it will be 
necessary to rely upon the advice and integrity of 
the ventilating engineer designing the plant, as he 
should not have any bias for or against any particular 
make. 


types of filters 


Filters may broadly be divided into two groups. 
Firstly, the renewable type and, secondly, the clean- 
able type without the necessity for renewal. Obviously 
the cleanable type is the less costly, insofar as 
maintenance is concerned — providing the cleaning 
is a simple operation and that when the filter has 
been cleaned its efficiency can be restored to approxi- 
mately its original condition. 


The renewable types consist of units having 
elements such as glass silk, paper, cotton wool, etc., 
are quite cheap in initial cost, but over a period of 
years the costs of continually replacing the elements 
on a plant of any appreciable size can be quite 
expensive. The filtering efficiency of glass silk and 
cotton wool elements is quite good and suitable for 
most industrial applications. Of the cleanable types 
there are two main kinds. The first consists of an 
element containing a zig-zag set of metal plates, 
which are coated with a solution of an adhesive 
nature, so that the airflow over the zig-zag plates 
deposits the dust on the coated surfaces. The cleaning 
of the filters is done by means of soaking the filters 
in a bath containing a special solution which removes 
the dirt and the adhesive solution from the plates, 
after which the elements can be re-impregnated ready 
for use. This cleaning operation is a very unpleasant 
job, and often not too successful, with the result that 
some users of these filters find the only satisfactory 
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way to restore them to their original condition is by 
boiling them in a strong solution of caustic soda. 
Owing to the objections in cleaning this type of 
filter, it is also possible to obtain what are known as 
“self-cleaning oil filters’. These, however, are quite 
expensive in initial capital cost, and whether they 
are of the self-cleaning type or not, they are in my 
view not so efficient as some of the dry fabric type 
to which I have previously referred. 


A more recent type of cleanable filter that is 
available is the multi-brush type, which consists of a 
series of brushes on wire formers, so that the air 
streams past through a dense mat of brushes. These 
brushes, which are similar to bottle brushes on a 
larger scale, are easily cleaned by means of a vacuum 
cleaner, and their maintenance costs are almost 
negligible because the brushes have a long life. 
Their filtering capacity is, I believe, slightly lower 
than the glass silk types and they are used extensively 
for industrial purposes with very satisfactory results. 


Finally, on the subject of filters, I would refer 
to the electrostatic type. These are the most expensive 
and are, in fact, so costly that they are seldom used, 
except where the standard of filtration required is so 
high that the more usual types are not acceptable. 
The principles of such filters are based upon the 
creation of an intense electrostatic field between fine 
charged wires and earthed rods through which the 
air particles are passed, and then through a series 
of earthed plates where the dirt particles adhere until 
removed by the routine washing operation. 


It will be noted that I have dealt at some length 
with the question of air filtration, but only because 
it forms such an important part of any ventilating 
system where quantities of air are drawn from outside 
and discharged into the space to be ventilated. I 
firmly believe that the high degree of dust content in 
the air which we breathe daily is seldom appreciated 
and an inspection of the air filters removed from 
a ventilating plant would, undoubtedly, shock most 
people. Because of this, it is essential to 
appreciate that ventilating engineers do not recom- 
mend filters either on a theoretical basis or to increase 
the cost of the equipment which they are selling. 


“ air washers ” 


Before leaving the subject of air filters, I want to 
refer to what are commonly termed “ air washers”. 
The name is really a misnomer, because as washers 
or cleaners of air they are far from effective. An 
air washer consists of a chamber through which the 
air is passed and in this chamber there is a number 
of high pressure water spray nozzles creating a 
blanket of atomised water. Having passed through the 
spray chamber, the air then passes through a series of 
baffle plates, known as eliminator or scrubbing plates, 
with the object of depositing any water contained in 
the air before it is discharged into the ventilating 
system. The prime function of an air washer — and 
a better name — is an air humidifier and, as such, it 
is extremely satisfactory. 





“air conditioning ” 

It may have been noted that, so far, I have 
refrained from using the term “air conditioning ” 
whilst dealing with the subject of air movement. This 
term air conditioning is a most abused term used by 
many people when referring to anything with which 
a fan is associated. I hope that after this Paper 
there will not be any members of The Institution of 
Production Engineers referring to “air conditioning” 
when in actual fact they do not mean it. 


Let us, therefore, clearly define and appreciate 
the term “ air conditioning ”. It means the treatment 
of air with the object of controlling both its 
temperature and humidity to within predetermined 
levels. To clarify this still further, we will examine 
the physical condition of air under varying changes 
of temperature and humidity. A particular sample of 
air is measured in respect of what is known as its 
dry bulb and wet bulb condition. The dry bulb 
condition is the one read from a normal thermometer 
and the wet bulb condition by means of a second 
thermometer similar to that used for dry bulb 
readings, except that the mercury bulb is encased 
in a muslin sheath, the end of which is submerged 
in a small bottle of water. The condition of the 
air surrounding the saturated muslin sheath will 
determine the temperature that will be read off the 
wet bulb thermometer. Thus, if the humidity of 
the space from which the sample is being taken is 
below 100°, then the surrounding air will be able 
to absorb and evaporate moisture from the sheath 
and in doing so will cool the wet bulb thermometer. 
The drier the air being sampled, the greater the 
depression that will occur on the wet bulb thermo- 
meter, indicating a lower humidity. Conversely, the 
wetter the atmosphere the less moisture will be 
absorbed, resulting in readings on the dry and wet 
bulb thermometers being closer together. From the 
readings of these two thermometers it is easy to plot 
the relative humidity of the samples on a graph 
known as a Psychrometric Chart. 


On a drizzling, rainy day, the air is almost 
saturated and, as such, the humidity is 100°/,, that is 
to say, it has absorbed the maximum amount possible 
of water vapour. Again, on a hot, humid day, when 
the humidity is stated to be 75°/, it means that the 
air contains 75°/, of the moisture that it is capable 
of absorbing under that particular temperature con- 
dition before becoming saturated. Thus dry bulb 
temperatures are expressed in degrees Fahrenheit and 
humidity in a_ percentage at that particular 
temperature. I emphasise “a particular temperature 
condition” because, if air at a certain dry bulb 
temperature and percentage of relative humidity is 
raised in temperature, then the percentage relative 
humidity will fall as the air will contain the same 
amount of moisture, but because it is at a higher 
temperature it will be able to contain a greater 
quantity of moisture before it is saturated. Explaining 
this simply, it means that raising the temperature 
of air at a particular condition will lower its humidity 
and lowering its temperature will increase its 
humidity. 
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In an ordinary ventilating plant, consisting of a 
fan filter and heater battery, it is possible in the 
winter to raise the temperature of the air only and 
in the summer no control at all is possible, which 
means that the air which is delivered to the ventilated 
space must be in a similar condition to that pre- 
vailing outside the building. It is plants of this 
nature that are commonly referred to as air 
conditioning installations which, of course, is quite 
incorrect. 


Let us consider what additional plant is required 
to provide full air conditioning and what it means 
in terms of capital expenditure and running costs. 
At the same time we will assume that it is desired 
to maintain a condition of 70°F and 55° relative 
humidity all the year round, irrespective of the out- 
side weather conditions. 


In the winter it will obviously be necessary to warm 
the air if a temperature of 70°F is required inside 
the building. I mentioned earlier that in raising 
the temperature of the air the humidity would be 
lowered ; therefore, additional plant is required in 
the winter to correct the humidity and this takes the 
form of a conditioner which, in fact, is an air 
washer, to which I have referred previously. The air 
is passed through the spray chamber of the air 
washer and in doing so, it picks up the required 
amount of moisture to obtain the predetermined 
degree of humidity. The correction of temperature 
and humidity conditions in the winter is the simple 
and least costly side of the conditioning operation 
and it is when dealing with the summer conditions 
that the high costs arise. This is because refrigeration 
plant is necessary to remove the heat and lower the 
temperature of the space being conditioned. To 
maintain in the summer a condition at a lower 
degree than that prevailing outside means the 
removal of heat from the outside air and, in addition, 
the heat from such items as machines, human beings 





and the sun effect on the walls, roof, etc., of the 
building. 


A plant that would cost approximately £10,000 
for ordinary ventilation, would cost at least double 
if full air conditioning was required and, in addition, 
would necessitate additional high running costs due 
to the substantial size of the motors required for the 
refrigerating compressors, and so on. 


Having briefly explained what is involved when 
air conditioning is employed, it may perhaps be asked 
— “But what factory needs such equipment ?”. 
Although for ordinary factory buildings in this 
country air conditioning, as far as I am aware, is 
never employed, there are very many production 
processes where, without full air conditioning, it 
would be impracticable to maintain production. Some 
of the largest users of full air conditioning equipment 
are in the chemical and pharmaceutical industries, 
where extremely exacting conditions have to be main- 
tained, otherwise their products would be spoiled. 
In addition, there are many industries where pilot 
plants are necessary for experimental purposes and 
for these experiments to be of any use, it is absolutely 
essential to maintain accurate control of temperature 
and humidity. 


It will be appreciated that in this brief review 
it has not been possible to deal in great detail with 
some of the aspects of what is a very wide field, 
but I hope sufficient has been said to focus more 
attention on this very important subject. 
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“Specification and Grinding of Cutting Tools” 
by J. K. Church and D. A. Wight. 

“Recent Developments in Drilling and Tapping ” 
by R. J. Cowie and J. O. M. Pegler. 


Copies of Papers can be purchased from the 
Secretary, The Institution of Mechanical Engineers, 
1 Birdcage Walk, London, S.W.1. 

The programme for the Conference was drawn up 
over a period of about two years by a planning panel 
under the Chairmanship of Dr. Galloway, Director 
of PERA. 


Russian visitors to PERA 


Professor N. N. Zorev, Professor V. V. Boitsov, 
and Mr. G. N. Krasnitsky, of the U.S.S.R., recently 
visited PERA during the course of a 10-day visit to 
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Britain to study developments in the technology of 
engineering, manufacturing, etc. Professor Zorev is 
head of the Russian Central Scientific Research 
Institute for Technology and Heavy Machine 
Building, which has a staff of approximately 4,000 
engaged in the design, development and manufacture 
of prototype machines, etc., for Russian industry. 
Professor Boitsov is a welding expert on Professor 
Zorev’s staff, and Mr. Krasnitsky is technical director 
of a machine tool firm. During their visit to PERA 
the Russian scientists described some interesting 
Russian developments in production techniques. As 
a result of negotiations which are at present taking 
place, the Association is hoping to receive periodical 
reports on technical and scientific developments on 
many different aspects of manufacture from official 
Russian sources. 
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Production Engineering Research Association of Great Britain 


Quarterly Newsletter 


to the Institution 


membership 

The recent sharp increase in the rate of growth 
of the Association continued during the first three 
months of the year, and the total membership is now 
over 650 firms manufacturing every important type 
of consumer goods and capital equipment in 
quantities ranging from one-off to mass production. 
The knowledge and experience built up at PERA over 
the past 12 years have been shown to be directly 
applicable over a larger area of the manufacturing 
industry than is immediately apparent, with the 
result that companies not exclusively concerned with 
engineering are now deriving substantial benefits from 
membership of the Association. It has been possible 
to assist these firms by carrying out efficiency surveys, 
investigating mechanical handling, improving works 
layout and packaging methods, reducing material 
consumption, designing special purpose equipment, 
etc. 


automation 


As nearly all firms, both large and small, will 
ultimately be directly affected by the many develop- 
ments that are now taking place in automation, 
PERA has been carrying out an operational research 
into a wide range of automation equipment to assist 
members in applying these devices. A report entitled 
“Guide to Work Handling Equipment for Machine 
Tools and Presses, Part 1— Hoppers and Selector 
Devices ” was recently issued to members. Subsequent 
reports will cover work loading and unloading equip- 
ment such as magazines, mechanical hands, iron 
hands, etc.; work clamping equipment; work con- 
veying equipment; the application of various types 
of automation equipment in machining and _ press- 
working in small and large quantity production, and 
transfer machine tools and presses. 


education and training 


An extensive programme of five-day courses has 
been arranged for this year and reservations are now 
being made. Nominations from PERA member firms 
can still be accepted for the following courses :- 


Ist September, 8th September, 15th September 
Presswork and Metal Forming. 


22nd September, 29th September, 6th October 


Improved Production Techniques. 


13th October, 20th October, 27th October 
Metal Cutting. 


10th November, 17th November, 24th November 
Improved Production Techniques. 


T.E.M. Conference 


At the recent Conference on the Technology of 
Engineering Manufacture arranged by ‘11 he Institution 
of Mechanical Engineers, five of the Papers presented 
dealt with research and development carried out by 
PERA. These Papers were as follows :- 


“Some Experiments on the Impact Extrusion of 
Aluminium, Copper and Steel” by Dr. D. F. 
Galloway. 

“ Blanking and Piercing” by R. Tilsley and F. 
Howard. 

“The Thread Rolling Process * by D. H. Seymour 
and F. M. Lomas. 


(concluded on facing page) 





Dr. D. F. Galloway (second from right), Director of PERA, 
discussing vibration research with Professor N. N. Zorev 
(right), Head of Russia’s Central Scientific Research Institute 
for Technology and Heavy Machine Building, Mr. G. N. 
Krasnitsky (left) and Professor V. V. Boitsov (second from 
left) in the Association’s laboratories. The Russian party were 
visiting PERA during the course of a stay of about 10 days in 
Britain to study developments in the technology of engineering 
manufacture, etc. 
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MIDLANDS REGION CONFERENCE 


“ Machining — Tomorrow’s Production” .. . this 
was the theme of the Annual One-day Conference 
organised by the Midlands Region of the Institution, 
and held at the works of Cincinnati Milling Machines 
Ltd. 


The President, The Rt. Hon. The Earl of Halsbury, 
spoke of the coming of the “ Electro-mechanical 
Revolution” and in his Address strongly recom- 
mended syndication between the mechanical engineer 
and the electrical engineer, associations such as exist 
in the atomic energy field, where the specialist skills 
are represented by independent firms, to all those 
interested in the future of the machine tool industry. 





The President of the Institution, Lord Halsbury (left), with 
Mr. B. G. L. Jackman, Midlands Region Chairman, chats with 
Mr. H. H. Evans, M.I.Prod.E., a Director of Hordern, Mason & 
Edwards Ltd., and Mr. J. A. Beebe, U.S.A. Managing Director 
of Cincinnati Milling Machines Ltd., at the Conference. 


524 


The President’s Address was followed by three mosi 
interesting Papers : ‘‘ Machining the Unmachinable ’’, 
read by A. R. Hambridge, which described some 
of the cutting tool research carried out by Cincinnati, 
using such advanced techniques as radio active 
isotopes, electro-erosion and hot machining; “‘Chipless 
Machining”, presented by A. G. Cochrane and A. 
Powell-Tuck, which dealt with hydroforming and 
hydrospinning metal forming developments in the 
United States; and “ Numerical Control of Machine 
Tools” by O. S. Puckle, which enabled the delegates 
to appreciate the merits of digital and analogue 
controls when applied to tape controlled machines. 


During the afternoon the delegates were able to 
tour the adjoining manufacturing plant and to see 
many examples of the latest developments in machine 
tools, including a demonstration of a_ three- 
dimensional tape controlled milling machine. 


The Regional Committee is pleased to note the 
support it is receiving from members for this Annual 
One-day Conference and will continue to arrange 
these very intensive and informative functions. 


The Midlands Region is indebted to the Directors 
and Staff of Cincinnati Milling Machines Ltd. for 
their hospitality in receiving this Conference and their 
sustained enthusiasm in putting the complete factory 
at the disposal of the delegates. 


BIRTHDAY HONOURS 


The Institution . offers congratulations to the 
following members who have been honoured by H.M. 
The Queen : 


O.B.E. 
Mr. R. W. Mann, Member, for his services as 
Chairman of the Tyneside Productivity 
Committee. 


Mr. G. Murray, Member, Production Controller, 
Engineering Group, Remploy Ltd. 


M.B.E. 
Mr. W. H. Hodgetts, Member, Production 
Manager, Copper Products Group of Imperial 
Chemical Industries Ltd. 
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MIDLANDS REGION 

CONFERENCE — a party 

of delegates during the 
works tour. 


PRESIDENTIAL VISIT TO 
THE UNIVERSITY OF BIRMINGHAM 


On 7th May, The Right Hon. The Earl of 
Halsbury, President of the Institution. paid an 
official visit to the postgraduate Department of 
Engineering Production in the University of 
Birmingham and to the Department’s residential 
Institute for Engineering Production. 


Lord Halsbury was received at the Institute by 
Dr. R. S. Aitken, Vice-Chancellor of the University; 
Dr. N. A. Dudley, Head of Department; and 
members of the University Senate and Council. Dr. 
T. U. Matthew, former Head of Department, and 
Mr. R. N. Marland, Chairman of the Birmingham 
Section of the Institution, were also present. 


After lunch, Lord Halsbury toured the Department 
where he discussed current research work on machine 
tools, work measurement and operational research, 
and addressed members of staff and of the M.Sc. 
and Diploma Course in Engineering Production. 
Thanking Lord Halsbury for his visit, Dr. Dudley 
expressed the view that his support would do much 
to encourage and foster production engineering 
activities not only at Birmingham, but also in other 
Universities. 


Later, Lord Halsbury attended his first meeting as 
a member of the Institute’s Advisory Committee, 
where it was reported that during the past five years 
nearly 2,000 senior production engineers and 








industrial executives had attended short residential 
courses on operational research, work _ study, 
production planning and control and associated 
subjects. 


(Left to right) Dr. N. A. Dudley, Lord Halsbury, Mr. R. N. 
Marland and Mr. H. Grisbrook discussing research on the 
factors affecting efficiency in precision grinding. 
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NEW CHAIRMAN FOR TEES-SIDE 





Mr. J. W. Woodger, M.I.Prod.E., has been elected Chairman 

of the Tees-Side Section for the current year. This photograph 

shows Mr. Woodger receiving the Chain of Office from Mr. 

B. A. Williams, C.B.E., M.I.Prod.E., who kindly presented 

it to the Section. The presentation took place during the 

first works visit of the Section to Messrs. Williams & Williams, 
Chester, last May. 


news of members 


Mr. S. J. Burrage, Member, has been appointed 
a Director of J. Parkinson & Son (Shipley) Ltd. 


Mr. W. J. Dimmock, Member, has been appointed 
General Works Manager of Hoover Ltd., Perivale. 


Mr. T. E. H. Gwyer, Member, has recently been 
appointed Factory Manager of The Brantford Coach 
and Body Ltd., Ontario, Canada. 


Mr. E. W. Hancock, O.B.E., Past President, has 
recently relinquished his appointment as General 
Manager of Humber Ltd., to take up a new Group 
appointment as Director of Special Projects. Mr. 
Hancock remains on the Board of Humber Ltd. 


Mr. W. S. Hollis, B.Sc.(Eng.), Member, Assistant 
Director, Ministry of Supply, has been invited to 
serve, in a personal capacity, on the Mechanics of 
Formation and Machine Shaping of Materials 
Committee which, under the Mechanical Engineering 
Research Laboratory Board, advises on the work to 
be undertaken at M.E.R.L., East Kilbride. 
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OBITUARY 


Mr. E. G. Eaton, Member, who died suddenly 
while on holiday. Mr. Eaton was, at the time of his 
death, a member of the Preston Section Committee, 
having already served as Chairman of the Section, 
and as a member of the North West Regional 
Committee. He was Works Director of Howard & 
Bullough Ltd., Accrington, Lancashire. 


Mr. Eaton was always  wholehearted and 
enthusiastic in his support of the activities of the 
Institution, and did much sterling work in the North 
Western area, where his loss will be particularly 
keenly felt. 


Mr. E. E. Martin, Associate Member, Works 
Manager of Alfred Wiseman & Co. Ltd., Bordesley, 
who was killed when part of a wall collapsed outside 
his works. Mr. Martin was a member of the Birming- 
ham Section of the Institution, and his untimely 
death was a great shock to his many friends and 
colleagues. 





Mr. W. W. Jeacock, 
Member, has been appointed 
General Manager of 
Coventry Gauge & Tool Co. 
Ltd. Mr. Jeacock joined the 
Company in 1921, when he 
took up an apprenticeship, 
and was appointed Works 
Manager in 1951. He is a 
member of the Institution’s 
Coventry Section Committee. 


Mr. S. E. Willett, Member, who has, at the request 
of Clayton Dewandre Co. Ltd., served the Company 
beyond the normal retiring age, has decided not to 
renew his contract as Managing Director on_ its 
present expiry. The Board are pleased to announce 
that Mr. Willett will remain a member of the Board 
of the Company. 


Mr. N. S. Fowler, Associate Member, has moved 
to the Bath district to represent the Belliss and 
Morcam Group in the South West of England. 
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Mr. E. Hampshire, Associate Member, formerly 
Technical Superintendent, Spring Manufacture, of 
Samuel Fox & Co. Ltd., a subsidiary of The United 
Steel Companies Ltd., has been appointed Production 
Controller. 


Mr. J. Hunter, Associate Member, has relinquished 
his position of Production Engineer with Blackburn 
(Dumbarton) Ltd., and is now Production Engineer 
with R. & A. Main Ltd., Gothic Works, Falkirk. 


Mr. V. Lee-Brown, Associate Member, is now a 
Mechanical Engineer with Nash & Thompson Ltd., 
Instrument Makers, in the Thorn Electrical Industries 
Group. 


Mr. J. W. Oddey, Associate Member, has relinquished 
his position with the Lancashire Dynamo & Crypto 
Ltd., to take up an appointment with Production 
Engineering Ltd., London. 


Mr. K. Staple, Associate Member, has _ been 
appointed Lecturer in Production Engineering at the 
Bournemouth Municipal College. 


Mr. D. J. Taysom, Associate Member, a Director 
of Cimex-Fraser Tuson Ltd., has been appointed 
General Manager. 


Hazleton Memorial Library 


Mr. A. C. S. Ensell, Graduate, has relinquished 
his position as a Manufacturing Engineer with the 
Industrial Gas Turbine Division of the Westinghouse 
Corporation in Philadelphia, U.S.A., and has returned 
to Dominion Engineering Co., of Lachine, Montreal, 
as Research Engineer, Market and Product Planning 
in the Diesel Division. 


Mr. J. C. Holst, Graduate, has been transferred 
from Philips Electrical Ltd., Eindhoven, Holland, to 
Philips’ Croydon Works, Croydon, in the Production 
Engineering Department. 


Mr. A. M. Nisbet, Graduate, has now joined 
Personnel Administration Ltd., as a long-term trainee 
industrial management consultant. 


Mr. C. R. Southern, Graduate, has taken up a 
position as a machine tool representative with Charles 
Churchill & Co. Ltd. 


Mr. A. G. Diggle, Graduate, has resigned his 
position with The English Electric Co. Ltd., to take 
up an appointment with the I.C.I. Lime Division. 





Aslib, London. ‘“ Aslib Directory ” : a guide to sources of 
information in Great Britain and Ireland. Edited by 
Miriam Alman. London, Aslib, 1957. 2 volumes, 179, 
1,018 pages. £5 5s, Od. 


Lists 3,303 libraries and other organisations capable of 
supplying specialised information, indicates their scope, 
and to whom they will supply information. Volume 1 
comprises the explanatory notes, an index classified by 
subject, alphabetical subject, and name indices, and notes 
on library co-operation, and on union lists and cata- 
logues. Volume 2 contains the full entries divided geo- 
graphically by town, and a regional index divided by 
county. 


Barnes, Ralph M. ‘* Work Sampling.” 2nd_ edition. 
New York, Wiley; London, Chapman and Hall, 1957. 
283 pages. Diagrams. 


In this book the author gives an account of the funda- 
mental techniques used in work sampling, and gives 
specific directions on how to use them in specific 
circumstances. It includes a report of an investigation 
undertaken by the author and Robert B. Andrews at the 
University of California on performance sampling. The 
book includes an extensive bibliography and a table of 
random numbers. 





ADDITIONS 


Barnes, Ralph M. “* Motion and Time Study.” 4th edition. 
New York, Wiley; London, Chapman and Hall, 1958. 
665 pages. Illustrated. Diagrams. £3 14s. Od. 


“ The main purpose of this revision of Motion and Time 
Study has been to present new material in the area of 
motion and time study and to include more and diverse 
illustrations, In this edition the author has adhered to 
his original purpose of presenting the basic principles 
that underlie the successful application of motion and 
time study, supplementing each with illustrations and 
practical examples. Five new chapters have been added, 
dealing with motion study; mechanisation and automa- 
tion; mechanised ‘time study and electronic data pro- 
cessing; systems of motion-time data; work sampling; 
evaluating and controlling factors other than labour; 
and multi-factor wage incentive plans.” 


Belchem, R. K. F. “A Guide to Nuclear Energy.” 
London, Pitman, 1958. 77 pages. Diagrams. 10s. 


This book attempts to explain to persons without 
specialised knowledge the theory of nuclear reaction 
and the manner in which nuclear power reactors function. 
Only an elementary knowledge of physics is necessary 
for its comprehension. 
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Benson, F. A. ** Problems in Electronics with Solutions.”’ 
London, Spon, 1958. 219 pages. Diagrams, 36s. 


The author is Lecturer in Electrical Engineering at the 
University of Sheffield. Although the book has not been 
compiled to match any particular syllabus, an attempt 
has been made to cover almost the complete under- 
graduate electronics course at the universities, and there 
are also a few problems of post-graduate standard. 
There are 282 problems divided into 23 sections, with 
the solutions separated from the problems. The answer 
is also given at the end of each problem for convenience. 


Bowman, Edward H.; and Fetter, Robert B. ‘* Analysis 
for Production Management.” [Ilinois, Richard D. Irwin, 
1957. 503 pages. Diagrams. 


An advanced text book of production management from 
the viewpoint of the analysis of the economic problems 
involved. The book presupposes a knowledge of mathe- 
matics at university level, and of the basic principles of 
calculus, statistics and economics. The chapters are 
arranged in groups potentially useful for methods analysis 
in making economic decisions. Contents: Section 1 — 


Orientation. Section 2 Mathematical programming. 
Section 3 Statistical onalysla. Section 4 — Economic 
analysis. Appendix — Case studies. 


British Iron and Steel Research Association, London. 
** Annual Report, 1957.” London, the Association, 1958. 
143 pages. Illustrated. 


Buckingham, Earle. ‘“* Analytical Mechanics of Gears.” 
New York, London, etc., McGraw-Hill, 1949. 546 pages. 
Diagrams. 93s. 


““ Among the machine elements that have received much 
less analytical attention than they deserve are linkages, 
cams and gears. The book attempts to give in usable form 
such a general analysis of gears . . . This is not a text on 
gear design. The major effort had been to make 
apparent the nature of the action and contact between 
the contacting teeth of the different types of gears. A 
clear understanding of these features is essential if the 
designs are to exploit the full possibilities of these 
mechanical elements.” 


Burnham, T. H., and Hoskins, G. O. ‘“* Elements of 
Industrial Organisation.”” (Engineering Economics : 
Book 1.) Sixth edition. London, Pitman, 1958. 330 pages. 


21s. 


The first edition of “ Engineering Economics ” was pub- 
lished in 1929, primarily in order to help students who 
were preparing for The Institution of Mechanical 
Engineers examination in engineering economics, which 
had been instituted in 1924. Its author — T. H. Burnham 

-~ was one of the pioneers of management production 
in this country. He died in 1924, and so the latest 
editions of his book have been revised by other authors. 
The seventh edition of Book 2, “ Factory Organisation 
and Management”, revised by D. H. Bramley was 
published in 1957. The sixth edition of Book 1 is revised 
by G. O. Hoskins. It deals with the economic bases and 
fundamental techniques of industrial organisation, and 
should form an introduction to the reading required for 
the management subjects in the examinations of various 
professional institutions. Contents: Elements of economics 
— Money banking and exchange —- Commonwealth and 
world resources — Industrial evolution — Business 
organisation —- The Trade cycle — Control: statistics 
and charts —— Elements of commercial law — Industrial 
legislation —- Industrial relationships —- Research and 
development work — Organisation and distribution — 
Office administration — The management function 
Taxation and national income — Insurance The State 
and industry. 
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Davies, H. ‘“ Belt Conveyors.” Richmond, Surrey, 


Association of Engineering and Shipbuilding Draughts- 
men, Session 1953-1954. Richmond, the Association, 
1954. 181 pages. Illustrated. Diagrams. Tables. 6s. 


A handbook on the design and functioning of all kinds of 
belt conveyors. Contents: Features — Uses —- Conveyor 
belting — Belt fasteners — Idlers — Training the belt — 
Pulleys — Loading —- Feeders — Carrying capacity — 
Speeds —- Widths — Horse power to Grive — Belt 


tensions, determination —- Loads on pulleys — Tension 
take-ups —- Angle of incline — Discharge — Anti-run 
back devices — Weighing —- Shuttle conveyors — 
Portable conveyors —- Separators — Drives — Drive 
arrangements — Starting and _ stopping — Typical 


galleries and housing — Typical constructional details — 
Typical belt conveyor arrangements — High life conveyors 
— Long conveyors — Typical examples of belt conveyor 
installations. 


Fisher, E. G. “ Extrusion of Plastics.” London, Iliffe for 


the Plastics Institute, 1958. 114 pages. Illustrated. 
£1 1s. Od 


One in the series of revised monographs issued by the 
Plastics Institute, which have been designed to cover the 
syllabus leading to the Diploma, Graduateship, and 
Associateship of the Institute. It is also useful as a com- 
prehensive guide to the extrusion of plastics for the 
non-expert. The book covers briefly the phases of the 
processes from both practical and theoretical aspects. 
There are chapters on the basic principles of extrusion, 
the extrusion machines, the extrusion of thermoplastics 
and of thermosets, and a complete description of the 
extrusion process. 


Glanvill, Alan B. “ Plastics Materials Handbook ”’ : 


a concise reference of the principal plastics materials, 
giving their physical, mechanical and electrical properties, 
forms, colours, applications, decorations, cementing, etc. 
Brighton, Machinery Publishing Company, 1957. 67 
pages. Diagrams. (Machinery’s Yellow Back Series, No. 
40.) 


Contents: Thermoplastic materials —- Thermosetting 
materials — Machining of plastics; manufacturing 
methods — Index of trade names. 


Grabbe, Eugene M. (editor). “* Automation in Business and 


Industry.” New York, Wiley; London, Chapman and 
Hall, 1957. 611 pages. Illustrated. Diagrams. £4. 


This book, by 21 authors, attempts to integrate the 
various techniques and sciences comprised by the word 
“ automation ”’. Contents: Introduction (historical 
developments, systems engineering, social implications, 
education, production and distribution) — Automation in 
business and industry —- The language of automation - 
Fundamentals of automation (the roles of science, mathe- 
matics and engineering; design of an automatic system)- 
Feedback control systems — Basic concepts of instru- 
mentation and control — Analogue computers — Digital 
computers — Data processing — Analogue to digital 
conversion units — Input/output equipment — Applica- 
tions of electronic data-processing machines —- Automatic 
control in flight —- Automatic production of electronic 
equipment Process control in the petroleum and 
chemical industries — Analogue computers in industrial 
control systems — Digital control of machine tools — 
Manufacturing automation (e.g. design of products and 
automatic assembly; economics of automation) — 
Economics of plant automation — The future of 
automation. 

This is not the popular book which its wide range of 
subjects might lead one to suppose; a basic knowledge 
of engineering, particularly of electronics, and of mathe- 
matics is necessary for its complete comprehension. There 
are excellent lists of references appended to each section, 
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Green, F. G. 








(compiler), ‘* Heat Economy in Textile 
Plants.” Notes with annotated bibliography. Ottawa, 
National Research Council, Technical Information 
Service, 1958. 16 pages. Mimeo. 


Hardy, H. W. “‘Planetary Gearing: Design and Efficiency.” 


Brighton, Sussex, Machinery Publishing Co., re 57 
pages. Diagrams. (Yellow Back Series No. 37.) . 6d. 


This book has been written to enable “the reader to 
solve more readily the problems in planetary gearing, 
leading to more satisfactory and practical results”. A 
section on velocity and speed analysis is followed by one 
on investigating the efficiency and strength of teeth. This 
last should be read in conjunction with the relevant 
British Standard Specifications.. Many excellent examples 
of planetary gearing systems are given throughout the 
book, which does not, however, give the bases for the 
design of such systems. (R.E.M.) 


Haynes, D. Oliphant. ‘* Materials Handling Equipment.” 


Philadelphia, Pa., Chilton Co., 1957, 636 pages. 
Diagrams. &7. 


An attempt to survey all available types of materials 
handling equipment, the mechanical principles by which 
they work, and their uses. Contents: 


Transporting equipment 
Truck towing conveyors — Hand trucks on rails — 
Industrial railroads — Industrial hand and platform 
trucks —- Powered industrial shop trucks — Trackless 
trains. 


Elevating equipment 
Continuous motion vertical conveyors —- Reciprocating 
motion vertical conveyors — Derricks and jib cranes - 
Pulleys, hoists and winches -—— Stackers — Work 
levelers, dock boards, and tail gates — Industrial lifts 
— Freight elevators. 


Conveying equipment 


Sliding friction gravity conveyors — Rolling friction 
gravity conveyors — Powered belt conveyors — Live 
roller conveyors — Flat top chain conveyors — Drag 
chain conveyors —- Chain driven conveyors — Cable 
a — Twin helical conveyors — Pneumatic 
tubes. 


Transferring equipment 
Moncrails — Overhead travelling, gantry and revolving 
cranes — Crane trucks —- Power cranes and shovels. 
Self loading equipment 
Skids, pallets and patterns — Low-lift skid and pallet 
trucks — High-lift skid and pallet trucks — Other 
unit load handling equipment. 
Bulk handling equipment 
Bulk handling conveyors and elevators — Mobile bulk 
handling machines. 
Accessory equipment 
Industrial truck mountings — storage batteries: theory 


and selection — Storage battery chargers and battery 
care — Electric motors — Internal combustion 
engines — Below the hook attachments — Fork truck 
accessories and attachments — Controls for handling 
equipment. 

Appendix 1 
Vector analysis of force. 

Appendix 2 


Simple machines. 


‘Hopper Feeds as an Aid to Automation.” Design and 


application of automatic feed devices in the machine 
shop. Brighton, Sussex, Machinery Publishing Co., 1957. 
66 pages. Illustrated. Diagrams. (Yellow Back Series No. 
39.) 4s. 6d. 


Mechanised handling of the workpiece during loading 
and unloading the machine is necessary if the full benefits 





of high speed machining are to be obtained. Hopper feeds 
often provide a fairly simple solution to this problem, 
and this book describes a series of such devices. 
Contents: General types of hopper feeds and selector 
mechanisms — Hopper feeds for nuts and feeds for 
bottle caps — Applications of hopper feeds in production 
and inspection. 


Koonts, Harold; and O’Donnell, Cyril. ‘* Principles of 


Management": an analysis ’ of managerial functions. 


New York, etc., McGraw-Hill, 1955. 664 pages. Diagrams, 


£2 10s. Od 


Discusses the function of management; the bases of 
organisation (e.g. assignment of activities, the centralisa- 
tion of authority); the selection and training of managers; 
the principles of direction; and planning, policy forming 
and control. There are reading lists at the end of each 
chapter. 


Lansdell, Norman. “The Atom and the Energy Revolution.” 


Harmondsworth, Middlesex, Penguin Books, 1958. 200 
pages. (Penguin Special.) 2s. 6d. 


The book is directed to the reader who wishes to assess 
the economic and social consequences of the exploitation 
of atomic energy, Preliminary chapters summarise and 
assess the energy resources of the world, and of particular 
political and geographical areas. Unexploited and barely 
exploited sources of energy such as solar power and wind 
power are briefly discussed. The following chapters deal 
with atomic energy. There are simple descriptions of the 
structure of the atom and of methods of releasing its 
energy, and an account of the natural sources of materials 
for atomic energy development. The section on the 
exploitation of atomic energy includes a summary of 
actual and potential applications, and an account of the 
development of atomic power throughout the world. The 
section on political and commercial organisations for 
atomic energy development describes various international 
treaties and supra-national organisations which are con- 
cerned with the development and control of atomic 
energy resources, and the organising of atomic energy 
development in the United Kingdom, the United States 
of America and in other countries. There is a section 
on radiation risks and on insurance against them. The 
last section, “The world impact of atomic energy ”’, 
summarises and discusses the actual and probable effects 
of the utilisation of atomic energy on the political and 
economic structure of the world. There is a short glossary 
of nuclear science terms. There is very little discussion 
in the book, which is, in the main, an objective ex- 
position of facts. It is well arranged and should be a 
useful popular reference book, besides being an easily 
read account of the scientific bases of atomic energy 
release and exploitation, and of economic and political 
problems as these are affected by that exploitation. 


Loughborough College of Technology —- Department of 


Industrial Engineering. ‘* Symposium of Papers Upon 
Friction and Lubrication in Engineering Production ” 
by students of the second-year industrial engineering 
course, 1956. Loughborough, The College, 1957. 508 
pages. Illustrated. Diagrams. Mimeo. 


This is a valuable collection of data on friction and 
lubrication. The symposium consists of 15 Papers which 
are divided into four groups: 
1. The fundamentals (two Papers on the nature of 
friction and lubrication) ; 
2. Friction and lubrication in the metal working 
processes (seven Papers) ; 
3. Friction and lubrication in production plant (four 
Papers) ; 
4. Testing and research (two Papers on methods of 
testing and reclaiming oils used in industry, and 
on current research and future possibilities), 
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Benson, F. A. ** Problems in Electronics with Solutions.” 


London, Spon, 1958. 219 pages. Diagrams, 36s. 


The author is Lecturer in Electrical Engineering at the 
University of Sheffield. Although the book has not been 
compiled to match any particular syllabus, an attempt 
has been made to cover almost the complete under- 
graduate electronics course at the universities, and there 
are also a few problems of post-graduate standard. 
There are 282 problems divided into 23 sections, with 
the solutions separated from the problems. The answer 
is also given at the end of each problem for convenience. 


Bowman, Edward H.; and Fetter, Robert B. ‘“* Analysis 


for Production Management.” Illinois, Richard D. Irwin, 


1957. 503 pages. Diagrams. 


An advanced text book of production management from 
the viewpoint of the analysis of the economic problems 
involved. The book presupposes a knowledge of mathe- 
matics at university level, and of the basic principles of 
calculus, statistics and economics. The chapters are 
arranged in groups potentially useful for methods analysis 
in making economic decisions. Contents: Section 1 — 
Orientation. Section 2 —- Mathematical programming. 
Section 3 Statistical analysis. Section 4 — Economic 
analysis. Appendix Case studies. 


British Iron and Steel Research Association, London. 


** Annual Report, 1957.” London, the Association, 1958. 
143 pages. Illustrated. 


Buckingham, Earle. ‘“* Analytical Mechanics of Gears.” 


New York, London, etc., McGraw-Hill, 1949. 546 pages. 
Diagrams, 93s. 


‘“* Among the machine elements that have received much 
less analytical attention than they deserve are linkages, 
cams and gears. The book attempts to give in usable form 
such a general analysis of gears . . . This is not a text on 
gear design. The major effort had been to make 
apparent the nature of the action and contact between 
the contacting teeth of the different types of gears. A 
clear understanding of these features is essential if the 
designs are to exploit the full possibilities of these 
mechanical elements.” 


Burnham, T. H., and Hoskins, G. O. ‘“ Elements of 


Industrial Organisation.” (Engineering Economics : 
Book 1.) Sixth edition. London, Pitman, 1958. 330 pages. 
21s. 


The first edition of “ Engineering Economics ” was pub- 
lished in 1929, primarily in order to help students who 
were preparing for The Institution of Mechanical 
Engineers examination in engineering economics, which 
had been instituted in 1924. Its author — T. H. Burnham 
— was one of the pioneers of management production 
in this country. He died in 1924, and so the latest 
editions of his book have been revised by other authors. 
The seventh edition of Book 2, “ Factory Organisation 
and Management’, revised by D. H. Bramley was 
published in 1957. The sixth edition of Book 1 is revised 
by G. O. Hoskins. It deals with the economic bases and 
fundamental techniques of industrial organisation, and 
should form an introduction to the reading required for 
the management subjects in the examinations of various 
professional institutions. Contents: Elements of economics 
— Money banking and exchange —- Commonwealth and 
world resources — Industrial evolution — Business 
organisation —- The Trade cycle — Control: statistics 
and charts —- Elements of commercial law — Industrial 
legislation —- Industrial relationships —- Research and 
development work — Organisation and distribution — 
Office administration The management function 
Taxation and national income — Insurance — The State 
and industry. 
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Davies, H. ‘* Belt Conveyors.” 


Richmond, Surrey, 
Association of Engineering and Shipbuilding Draughts- 
men, Session 1953-1954. Richmond, the Association, 
1954. 181 pages. Illustrated. Diagrams. Tables. 6s. 


A handbook on the design and functioning of all kinds of 
belt conveyors. Contents: Features — Uses —- Conveyoi 
belting —— Belt fasteners — Idlers — Training the belt - 
Pulleys — Loading —- Feeders — Carrying capacity - 
Speeds — Widths — Horse power to drive Belt 


tensions, determination —- Loads on pulleys — Tension 
take-ups — Angle of incline — Discharge — Anti-run 
back devices — Weighing —- Shuttle conveyors - 
Portable conveyors — Separators — Drives — Drive 
arrangements Starting and _ stopping — Typical 


galleries and housing — Typical constructional details - 
Typical belt conveyor arrangements — High life conveyors 
— Long conveyors — Typical examples of belt conveyor 
installations. 


Fisher, E. G. “ Extrusion of Plastics.” London, Iliffe for 


the Plastics Institute, 1958. 114 pages. Illustrated. 
£1 1s. Od. 


One in the series of revised monographs issued by the 
Plastics Institute, which have been designed to cover the 
syllabus leading to the Diploma, Graduateship, and 
Associateship of the Institute. It is also useful as a com- 
prehensive guide to the extrusion of plastics for the 
non-expert. The book covers briefly the phases of the 
processes from both practical and theoretical aspects. 
There are chapters on the basic principles of extrusion, 
the extrusion machines, the extrusion of thermoplastics 
and of thermosets, and a complete description of the 
extrusion process. 


Glanvill, Alan B. ‘“* Plastics Materials Handbook ” : 


a concise reference of the principal plastics materials, 
giving their physical, mechanical and electrical properties, 
forms, colours, applications, decorations, cementing, etc. 
Brighton, Machinery Publishing Company, 1957. 67 
pages. Diagrams. (Machinery’s Yellow Back Series, No. 
40.) 


Contents: ‘Thermoplastic materials — Thermosetting 
materials — Machining of plastics; manufacturing 
methods — Index of trade names. 


Grabbe, Eugene M. (editor). ** Automation in Business and 


Industry.” New York, Wiley; London, Chapman and 
Hall, 1957. 611 pages. Illustrated. Diagrams. £4. 


This book, by 21 authors, attempts to integrate the 
various — and sciences comprised by the word 

“ automation ” Contents: Introduction (historical 
developments, " systems engineering, social implications, 
education, production and distribution) — Automation in 
business and industry —- The language of automation - 
Fundamentals of automation (the roles of science, mathe- 
matics and engineering; design of an automatic system)— 
Feedback control systems — Basic concepts of instru- 
mentation and control — Analogue computers — Digital 
computers — Data processing — Analogue to digital 
conversion units — Input/output equipment — Applica- 
tions of electronic data-processing machines —- Automatic 
control in flight —- Automatic production of electronic 
equipment Process control in the petroleum and 
chemical industries — Analogue computers in industrial 
control systems — Digital control of machine tools — 
Manufacturing automation (e.g. design of products and 
automatic assembly; economics of automation) - 
Economics of plant automation — The future of 
automation. 

This is not the popular book which its wide range of 
subjects might lead one to suppose; a basic knowledge 
of engineering, particularly of electronics, and of mathe- 
matics is necessary for its complete comprehension. There 
are excellent lists of references appended to each section, 
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“*Heat Economy in Textile 
Plants.” Notes with annotated bibliography. Ottawa, 
National Research Council, Technical Information 
Service, 1958. 16 pages. Mimeo. 


Hardy, H. W. ‘Planetary Gearing: Design and Efficiency.” 


Brighton, Sussex, Machinery Publishing Co., 1956. 57 
pages. Diagrams. (Yellow Back Series No. 37.) 4s. 6d. 


This book has been written to enable “the reader to 
solve more readily the problems in planetary gearing, 
leading to more satisfactory and practical results”. A 
section on velocity and speed analysis is followed by one 
on investigating the efficiency and strength of teeth. This 
last should be read in conjunction with the relevant 
British Standard Specifications.. Many excellent examples 
of planetary gearing systems are given throughout the 
book, which does not, however, give the bases for the 
design of such systems. (R.E.M.) 


Haynes, D. Oliphant, ‘* Materials Handling Equipment.” 


Philadelphia, Pa., Chilton Co., 1957. 636 pages. 
Diagrams. £7. 


An attempt to survey all available types of materials 

handling equipment, the mechanical principles by which 

they work, and their uses. Contents: 

Transporting equipment 
Truck towing conveyors — Hand trucks on rails — 
Industrial railroads — Industrial hand and platform 
trucks —- Powered industrial shop trucks — Trackless 
trains. 

Elevating equipment 
Continuous motion vertical conveyors —- Reciprocating 
motion vertical conveyors — Derricks and jib cranes - 
Pulleys, hoists and winches ——- Stackers — Work 
levelers, dock boards, and tail gates — Industrial lifts 
— Freight elevators. 


Conveying equipment 


Sliding friction gravity conveyors — Rolling friction 
gravity conveyors —- Powered belt conveyors — Live 
roller conveyors — Flat top chain conveyors — Drag 
chain conveyors —- Chain driven conveyors — Cable 
— — Twin helical conveyors — Pneumatic 
tubes. 


Transferring equipment 
Moncrails — Overhead travelling, gantry and revolving 
cranes — Crane trucks — Power cranes and shovels. 
Self loading equipment 
Skids, pallets and patterns — Low-lift skid and pallet 
trucks — High-lift skid and pallet trucks — Other 
unit load handling equipment. 
Bulk handling equipment 
Bulk handling conveyors and elevators — Mobile bulk 
handling machines. 
Accessory equipment 
Industrial truck mountings — storage batteries: theory 


and selection — Storage battery chargers and battery 
care — Electric motors — Internal combustion 
engines — Below the hook attachments — Fork truck 
accessories and attachments —- Controls for handling 
equipment. 

Aner 1 : 

ector analysis of force. 
Appendix 2 


Simple machines. 


** Hopper Feeds as an Aid to Automation.” Design and 


application of automatic feed devices in the machine 
shop. Brighton, Sussex, Machinery Publishing Co., 1957. 
66 pages. Illustrated. Diagrams. (Yellow Back Series No. 
39.) 4s. 6d. 


Mechanised handling of the workpiece during loading 
and unloading the machine is necessary if the full benefits 








of high speed machining are to be obtained. Hopper feeds 
often provide a fairly simple solution to this problem, 
and this book describes a series of such devices. 
Contents: General types of hopper feeds and selector 
mechanisms — Hopper feeds for nuts and feeds for 
bottle caps — Applications of hopper feeds in production 
and inspection. 


Koonts, Harold; and O’Donnell, Cyril. ‘* Principles of 


Management”: an analysis of managerial functions. 
New York, etc., McGraw-Hill, 1955. 664 pages. Diagrams, 
£2 10s. Od. 


Discusses the function of management; the bases of 
organisation (e.g. assignment of activities, the centralisa- 
tion of authority); the selection and training of managers; 
the principles of direction; and planning, policy forming 
and control. There are reading lists at the end of each 
chapter. 


Lansdell, Norman. “The Atom and the Energy Revolution.” 


Harmondsworth, Middlesex, Penguin Books, 1958. 200 
pages. (Penguin Special.) 2s. 6d. 


The book is directed to the reader who wishes to assess 
the economic and social consequences of the exploitation 
of atomic energy, Preliminary chapters summarise and 
assess the energy resources of the world, and of particular 
political and geographical areas. Unexploited and barely 
exploited sources of energy such as solar power and wind 
power are briefly discussed. The following chapters deal 
with atomic energy. There are simple descriptions of the 
structure of the atom and of methods of releasing its 
energy, and an account of the natural sources of materials 
for atomic energy development. The section on the 
exploitation of atomic energy includes a summary of 
actual and potential applications, and an account of the 
development of atomic power throughout the world. The 
section on political and commercial organisations for 
atomic energy development describes various international 
treaties and supra-national organisations which are con- 
cerned with the development and control of atomic 
energy resources, and the organising of atomic energy 
development in the United Kingdom, the United States 
of America and in other countries. There is a section 
on radiation risks and on insurance against them. The 
last section, “The world impact of atomic energy ”’, 
summarises and discusses the actual and probable effects 
of the utilisation of atomic energy on the political and 
economic structure of the world. There is a short glossary 
of nuclear science terms. There is very little discussion 
in the book, which is, in the main, an objective ex- 
position of facts, It is well arranged and should be a 
useful popular reference book, besides being an easily 
read account of the scientific bases of atomic energy 
release and exploitation, and of economic and political 
problems as these are affected by that exploitation. 


Loughborough College of Technology —- Department of 


Industrial Engineering. ‘* Symposium of Papers Upon 
Friction and Lubrication in Engineering Production ” 
by students of the second-year industrial engineering 
course, 1956. Loughborough, The College, 1957. 508 
pages. Illustrated. Diagrams. Mimeo. 


This is a valuable collection of data on friction and 
lubrication. The symposium consists of 15 Papers which 
are divided into four groups: 
1. The fundamentals (two Papers on the nature of 
friction and lubrication); 
2. Friction and lubrication in the metal working 
processes (seven Papers) ; 
3. Friction and lubrication in production plant (four 
Papers) ; 
4. Testing and research (two Papers on methods of 
testing and reclaiming oils used in industry, and 
on current research and future possibilities), 
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McLoskey, Joseph F., and Coppinger, John M. (editors). 


** Operations Research for Management.” Volume 2. 
With an introduction by The Rt. Hon. The Earl of 
Halsbury. Baltimore, Md., John Hopkins Press, 1956. 
563 pages. Diagrams. $8 (23 3s. Od.). 


Volume 1 of “ Operations Research for Management ” 

published in 1954, provided an introduction to the 

history, principles, and methodology of the subject, and 

included some case histories. Volume 2 gives 13 more 

case histories; detailed discussions on new operational 

research methods; and a section on information handling 

in organised groups. Contents: 

Introduction 
From Plato to the linear programme (The Rt. Hon. 
The Ear! of Halsbury). 

Case histories 
Operations analysis in the United States Air Force 
(Leroy A. Brothers) — Traffic delays in toll booths 
(Leslie C. Edie) The influence of vehicular speed 
and spacing (Edward C. Olcott) — Road safety and 
traffic research in Great Britain (W. H. Glanville) — 
Revising New York’s subway fare structure (William S. 
Vickery) — Ore handling at British ports (Roger T. 
Edison) — Analysis of a railroad classification yard 
(Roger R. Crane) — Queueing theory and cost concepts, 
applied to a problem of inventory control (Charles D. 
Fage)—Strip mining phosphate rock with large walking 
draglines (Jack W. Dunlap and Herbert H. Flage) — 
Operational research in the British coal industry 
(B. H. P. Rivett) Operational research in under- 
ground mining (S. L. Cook) — Utilisation of training 
aircraft (Max Astrachan) — A study of combat stress 
in Korea: biosocial research in operations research 
(Stanley W. Davis). 

Methods 
Observation, experiment and measurement in opera- 
tions research (W. Youden) — Operational 
organisation (David Bendel Hetyz and George J. 
Feeney) — Rounding the solutions of practical queueing 
problems by analytic methods (Glen D. Camp) — 
Failure of complex equipment (Gordon D. Shellard) — 
The travelling salesman problem (Merrill M. Flood) — 
Operational gaming in industry (Walter E. Cushen) — 
A Monte Carlo model for military analysis (Richard E. 
Zimmerman) — How is planning possible (C. West 
Churchman). 

Information handling in organised groups 
Introduction (Lee Christie) —- Organisation of 
information routing (Lee S. Christie) — Processes 
affected by noise and confusion of meanings (Josiah 
Macy, junior) — Some aspects of time and decisions 
(R. Duncan Lee) — Task types and requirements for 
organisation (Lee S. Christie) — Bibliography (Lee S. 
Christie). 

Appendix 
Bibliography of queueing theory. 


McNeil, Ian. 


Redfarn, C. A. “ A Guide to Plastics.” 


Sharp, K. W. B. 


“‘ Trouble-free Hydraulics.” A practical 
handbook on maintenance and fault finding in oil 
ae machinery. London, Thames and Hudson, 
1958. 124 pages. Diagrams. ‘Charts. Tables. 18s. 


Written for the engineer, who, without a profound 
knowledge of hydraulics, uses hydraulic machinery and 
needs to know how to keep it running smoothly. Among 
the subjects dealt with are the laying down and carrying 
out of preventive maintenance schedules, starting up new 
machines, expected life of hydraulic oil, and diagnosis 
and cure of faults. Wherever possible maintenance and 
testing operations are described in chart form, and a series 
of charts presents common faults in hydraulic machinery, 
and lists possible causes and remedies. Contents: An 
introduction to the hydraulic system and the problem of 
systematic maintenance — Pipework and oil tanks — 
Hydraulic fluids and their treatment — Hydraulic seals 
and packings —- The diagnosis and cure of faults — 
Appendix 1: Safe internal working pressure for cold 
drawn seamless steel tube (Table) — Appendix 2: 
Pressure, volume, work heat and power equivalents 


(Tables). 


London, Iliffe; 
New York, Philosophical Library. 2nd edition. 1958. 
150 pages. Illustrated. 18s. 


Contents: Plastics nomenclature — Raw materials for 
plastics —- The manufacture of plastics materials — The 
fabrication of plastics —- The properties of plastics 
materials. 


“* Practical Engineering Metrology.” 
London, Pitman, 1958. 249 pages. Illustrated. Diagrams. 
30s. 


Intended for students working for Higher National 
Certificates, City and Guilds examinations, and the 
Associate Membership examinations of The Institution of 
Mechanical Engineers and The Institution of Production 
Engineers. Questions of the standard applicable to these 
examinations are given at the end of each chapter. 


Contents: Apparatus and method — Measurement of 
length — Radius measurements — Straightness and 
flatness — Measurement of angles —- Measurement of 
tapers — Screw threads — Machine tool testing — 
Surface texture — Miscellaneous measurements and the 
testing of measuring instruments — Design and manu- 
facture of gauges and _ instruments — Tables — 
Bibliography — _ Selection of British | Standard 
specifications. 
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“DIXOL 


SOLUBLE CUTTING OILS 





A worm grinding operation witt. *‘Dixol,”’ 





WAKEFIELD-DICK 


The Guiding Light 


INDUSTRIAL OILS LTD., 67 GROSVENOR STREET, 


| 





With “Dixol” you get much more 

than a first-rate range of soluble oils. 
For with “Dixol” you get our specialised 
production oils “know-how” and service 
that started as long ago as 1853. The 
reasons why, today, Leyland, in company 
with a great number of leading engineering 
companies, continue to specify “ Dixol”— 
and many other Wakefield-Dick production 
oils. 
Full facts and figures on these oils appear 
in our four production engineering pub- 
lications — may we send your company 


complimentary copies ? 
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YOURS PRECISELY... 


W. E. Sykes Ltd. — specialists for more than 30 
years in the design and manufacture of machines 
and tools for gear production — invite a closer 

look at the model V4 fine pitch gear shaper. 
Especially suitable for producing fine pitch gears up 
to 4 inches in diameter and from 16 to 100 D.P. for 
use in instruments and intricate mechanisms, the 
precision model V4 will produce with equal accuracy 
external and internal spur gears, helicals, sprockets, 
serrations, ratchets and many intricate profiles. 
Tooth to tooth and total composite errors of gears 
generated are guaranteed to be within the Admiralty 
Class I specification ‘ Precision Gearing for Control 
Systems’. 

Fullest details and descriptive literature are freely 
available, together with the experience of the Sykes 
Technical Advisory Service. 


—— PRECISION 
SYRES 


oi GEAR SHAPERS 
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W.E.SYKES LTD - STAINES - MIDDLESEX - ENGLAND 
and associated companies 

Sykes Tool Corpn. Ltd., Georgetown, Ontario, Canada. 

Sykes Machine & Gear Corpn., Newark, N.J., U.S.A. 

W. E. Sykes Ltd., Mascot, Sydney, N.S.W., Australia. 
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PRM k. coscucch pisses capsbeseeescecn denn raebencsenst Liverpool PU Ris ERE ea oc. ownnayuvnnnecesusssasduwse seuxwes Tees-Side 
eNO, wctleuchannbessehbapeeackhRseNbhénpeeeenerse back London SSE RUSE MMBE ccs ccusunnncnove dnsvasunii'ewsdulee se de> vehasee Western 
SR OMPONMIES. “cc chy cobwebs saccaxssnons+beushensbeorereeberes Luton LMR RIMINUIMRR, <5 cnabck'os ses ceuwannsweskpeGaskwseanen Wolverhampton 
RONNIE | ocscaccesnshshancenasensecesbeshepnese Manchester EER GNERRMMNB EE coos ci cand Viekesosspvanpenenensiescess .... Worcester 
GRADUATE SECTION CHAIRMEN 
Dp i) SEES Tere Birmingham Graduate SS Cag flO | CE ee ener prs Manchester Graduate 
ey a OSS ee eee Coventry Graduate OA UMNO Seas kcancinsusesiouesseesee os Melbourne Graduate 
i BUSS OS eee Halifax & Huddersfield Graduate EA NG | On OAR ee ae Newcastle upon Tyne Graduate 
ENED. 0 scgpacnspeasnbenskosgan-cesobecenshe Leeds Graduate PPI MORIN 3. o3sikcescen oa anunkonanen bonnes Rochester Graduate 
SPEEA Sc ssh chivveenenbanwbensanbossnesner Liverpool Graduate SDPO RIED Godesupnusvasnnasasteecencwoonees Sheffield Graduate 
i ee en ees London Graduate DEAS RMI 5 iss sian no tun eakeds conn sessakiee Western Graduate 
REF AMIRI iio iescnnesascocdenevanscnsomnsact’ Luton Graduate PE WV RSMOED fase cksnSeancosiunepstwe Wolverhampton Graduate 
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Adelaide (South Australia) ... 
Melbourne ( Victoria, Australia ) 
Melbourne Graduate (Victoria 

Australia) ... ae wae 
Sydney (New South Wales) ... 


Canada 


Bombay 
Calcutta 


New Zealand 


South Africa ... 


Birmingham ... 
Cardiff 

Cornwall 

Coventry 

Derby 

Doncaster 

Dundee 

Edinburgh 

Glasgow 
Gloucester... wae 
Halifax & Huddersfield 
Ipswich & Colchester 
Leeds ae ais 
Leicester & District ... 
Lincoln 

Liverpool 

London 

Luton 


Manchester ... rr 
Newcastle upon Tyne 
Northern Ireland 
Norwich 

Nottingham ... 
Oxford = 
Peterborough 

Preston 

Reading eat — 
Rochester & District 
Sheffield ise 
Shrewsbury ... 
Southampton 

South Essex ... 
Swansea mae 
Stoke-on-Trent 
Tees-Side 

Western ~ 
Wolverhampton 
Worcester 


SECTION HONORARY SECRETARIES 


AUSTRALIA 


W. L. Hemer, 6 Bedford Street, Brooklyn Park, South Australia. 

R. W. Deutsher, 374 Nepean Highway, Brighton, Victoria, Australia. 
H. B. 
K. G, 


Davies, 77 Longview Road, North Balwyn, Victoria, Australia. 
Slorach, 34 Anderson Avenue, Ryde, New South Wales, Australia. 


CANADA 


Frank R. Taylor, 1 Cheritan Avenue, Apt. 110, Toronto 12, Ontario, Canada. 


INDIA 


C. R. Pal, The Crescent Iron & Steel Works Ltd., Goregaon (East), Bombay, S.D., India 
P. J. O’Leary, c/o Guest, Keen, Williams Ltd., 41 Chowringhee Road, Calcutta, India. 


NEW ZEALAND 


G. Stedman, 3 Harrison Avenue, Belmont, Takapuna, Auckland, New Zealand. 


SOUTH AFRICA 


A. Aitken, 209-211 Pharmacy House, 80 Jorissen Street, Johannesburg, P.O. Box 10837, 
South Africa. 


UNITED KINGDOM 


H. W. White, “ Spring Pools”, 677 Birmingham Road, Lydiate Ash, Bromsgrove, Worcs. 

C. L. Griffiths, “‘ Brynteg ”, 139 Tyntyla Road, Llwynypia, Rhondda, Glamorgan. 

F. G. Hawke, 3 Bellevue Terrace, East Hill, Tuckingmill, Camborne, Cornwall. 

A. S. Hopkins, 39 Oaks Road, Kenilworth, Warwicks. 

P. Warburton, 16 Vicarage Road, Chellaston, Derby. 

G. R. Wimpenny, 16 Tickhill Square, Denaby Main, Doncaster. 

J. Nicolson Low, Technical College, Bell Street, Dundee. 

A. S. Wilson, Ferranti Ltd. (Laboratory Workshop), Ferry Row, Edinburgh, 5. 

W. H. Marley, G. & J. Weir Ltd., Cathcart, Glasgow, S.4. 

B. E. Gwynne Clarke, ‘“ Chez-Nous ’’, Okus Road, Charlton Kings, Cheltenham. 

C. W. Overin, 353 Whitehall Road, Westfield, Wyke, near Bradford, Yorks. 

H. F. Harker, Ransomes, Sims & Jefferies Ltd., Orwell Works, Ipswich. 

J. L. Townend, 26 Moor Allerton Drive, Street Lane, Leeds, 17. 

E. G. Davis, 19 Festival Avenue, Humberstone Lane, Thurmaston, Leics. 

H. Wright, 101 Longdales Road, Lincoln. 

H. Mason, 51 Stairhaven Road, Liverpool, 19. 

R. J. C. Whitaker, The Glacier Metal Co. Ltd., Ealing Road, Alperton, Middlesex. 

J. F. W. Galyer, Engineering Department, Luton & South Bedfordshire College of Further 
Education, Park Square, Luton, Bedfordshire. 

. P. Speakman, 223 Douglas Road, Atherton, near Manchester. 

A. C. Foskew, 35 Oakwood Avenue, Low Fell, Gateshead, 9. 

J. G. Easterbrook, “ Hilleen”’, 22 Ascot Park, Knock, Belfast. 

. I. Hilder, 2a Gorse Road, Thorpe, Norwich. 

C. N. T. Manfull, Chellaston House, Thurgarton Street, Nottingham, 

F. S. Chappell, 58 Lancut Road, Witney, Oxfordshire. 

N. Holmes, “ Arncliffe ’, 11 Mary Armyn Road, Orton Longueville, Peterborough. 

W. H. Preston, 25 Clifton Avenue, Leyland, Lancashire. 

R. W. H. Mark, “‘ The Beeches’, 41 Reading Road, Woodley, Berkshire. 

W. G. Clements, 11 Charing Road, Gillingham, Kent. 

T. F. Newton, c/o E. Pryor & Son Ltd., West End Works, Broom Street, Sheffield, 10 

W. M. Buchan, Llanberis, 36 Mytton Oak Road, Shrewsbury. 

J. W. Taylor, 44 Deacon Road, Bitterne, Southampton. 

F. Hopkinson, “ Woodley ”, 40 Highfield Road, Chelmsford, Essex. 

C. L. Clarke, 11 Alder Road, Cimla, Neath, Scuth Wales. 

E. J. Averill, “ Berry Dale”, 87 Hunters Way, Penkhull, Stoke-on-Trent. 

J. H. Cooper, 48 Hob Hill Close, Saltburn-by-the-Sea, Yorkshire. 

A. Eustace, 19 Ferndale Road Northville, Bristol, 7. 

W. T. Vaughan, “ Windsor”, 24 Windermere Road, Palmers Cross, Tettenhall, Staffs. 

R. Wheeler, Old House Farm, Parish Hill, Bournheath, near Bromsgrove, Worcestershire. 
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CORRESPONDING MEMBER IN MIDDLE EAST CORRESPONDING MEMBER IN IRAQ 


J. Merkine, 45 Arlozoroff Street, Ramat-Gan, Israel. W. G. Rooke, Production Engineer, Iraqi State Railways 
Shalchiyah, Baghdad, Iraq. 


CORRESPONDING MEMBER IN WEST AFRICA 


H. P. Halfter, Gold Coast Railways & Harbour Admin., 
P.O. Box 202, Takoradi, Ghana, West Africa. 


GRADUATE SECTION HONORARY SECRETARIES 


Birmingham ... R. V. Whately, c/o 130 Church Road, Moseley, Birmingham, 13. 
Coventry eae ~— B. Brewster, 86 Nunts Park Avenue, Nunts Park, Coventry. 

Halifax & Huddersfield G. Wilde, 56 Milton Avenue, Albert Road, Sowerby Bridge, near Halifax. 
Leeds oe _ T. Robinson, 764 York Road, Leeds, 15. 

Liverpool M. Green, 1 Parkview Road, Croxteth, Liverpool, 11. 

London R. S. Nicholas, 111 Falconwood, Addington, Croydon, Surrey. 

Luton — W. M. Stern, 37 Rossfold Road, Sundon Park, Luton, Bedfordshire. 
Manchester ... bam R. A. Jones, 33 Kirkham Road, Heald Green, Cheshire. 

Newcastle upon Tyne P. G. Jenkins, 25 Windsor Road, Whitley Bay, Northumberland. 
Rochester & District J. R. Anderson, 63 Watling Street, Strood, Rochester, Kent. 

Sheffield - E. Willcox, Ellis, Son, & Paramore Ltd., Spring Street Works, Sheffield, 3. 
Western aS N. Butler, 28 Windermere Road, Patchway, Bristol. 


Wolverhampton J. Harrison, ““ The Dingle’, Planks Lane, Wombourn, Staffordshire. 


LOUGHBOROUGH COLLEGE STUDENT SECTION 


Chairman : 
M. C. Fryer, Dept. of Industrial Engineering, College of Technology, Loughborough, Leics. 


Honorary Secretary: 
J. Fairbrother, 27 Eaton Road, Ilkley, Yorkshire. 


EDUCATION DISCUSSION GROUPS 


London Centre 


Chairman : 
J. W. K. Murch, 35 Peartree Road, Enfield, Middlessex. 
Honorary Secretary: 
D. R. C. Holmes, 35 Sandringham Drive, Ashford, Middlesex. 
Midland Ceatre 
Chairman : 
W. L. Jackson, Senior Lecturer in Production Engineering, Chance Technical College, Smethwick. 


Honorary Secretary : 
N. Ward, 88 Sutton Oak Road, Streetly, Sutton Coldfield. 
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This... § ...is a line we’re not shooting! 


New, dramatically improved Mobil DTE Oils give a balanced protection 
and service performance that no other oil on the market today can equa!. 


New Mobil DTE Oils for hydraulic and circulating systems have 

many specific advantages which, taken together, make a convincing reason for 
preferring them to any other oils of their kind. Here are some of the 
advantages you will get if you use new Mobil DTE Oils: 


LONGER OIL LIFE Ve 


STABILITY AT ALL TEMPERATURES ~~ 


NEW 

balanced 
Mobil DTE Oils 
for protection 
and performance 
no other oil 
can equal 


FREEDOM FROM DEPOSITS vw 
PROTECTION AGAINST RUST AND CORROSION W~ 


QUICK SEPARATION FROM WATER ~ 


LESS WEAR ra 


ASK THE MAN FROM MOBIL 


This line is no exaggeration. It is the plain truth, 

proved in careful tests against other well known hydraulic and circulating 
oils. The line down our left-hand margin is taken from a chart of these 
tests. Ask your Mobil representative to show you the chart. He wili 


explain how, on balance—on the results of all the tests — 
new Mobil DTE Oils show a clear advantage that can mean lower 
costs and improved production in your business. 


MOBIL OIL COMPANY LIMITED, LONDON S.W.1 
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— Bon No. 20 CAPSTAN LATHE 











_§ dia. Free Cutting Mild Steel, En.1. Fitted with 1imAir Auto. Bar } 
Tungsten Carbide and H.S. Steel Cutting Tools. Chuck and Air Bar Feed 








DESCRIPTION OF OPERATION Speed Speed Cuts 


| hina Spindle Surface Feed 
| Hex. Turret ‘ean R.P.M. Ft. per Min.| per inch 


PRA S 8 











Support and Radius Part Off . - - 


erg SELLY «ONK 
Wy BIRMINGHAM 29 











Floor-to-Floor 1. Feed to Stop and Close Chuck - - -| 1 — | — == — 
Time: 2. Copy Turn (Special Turning Toolholder) -| 2 | _ 2040 332 214 
50 Seconds each 3. Roller End - - : - - oe D te 2040 200 Hand 
j 4. Screw 3” Whit. - a : | 320 33 | 16 T.P.I. 
5. | 


Rear 1360 90. Hand 











LTD TELEPHONE SELLY OAK //3/ 
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operation at Quaiter, Hall & Co., Ltd. Barnsley 
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OPEN-SIDE 
SURFACE GRINDING MACHINE 





Designed for heavy duty and continuous high speed precision 


This heavy duty Horizontal Spindle working. 
Electronically controlled intermittent cross feed. Provision for 
Surface Grinder fully meets modern accurate reversal when grinding recessed faces. 


Variable automatic vertical feed with pre-set automatic cut-out. 


requirements for a machine capable Hydraulic table traverse up to 100 feet per minute. 


of highly accurate work at maximum Table traverse ways automatically lubricated from oil suppiy 
: ; ; independent of hydraulic system. 
production rates. Available in three Permanently protected precision ground slideways. 
sizes with work table capacities of Electrically driven slow cross traverse for wheel truing. 
‘ ee “ if ; Grinding wheel spindle electrically interlocked against starting 
30” < 15”, 48” X 15” and 72” X 15 until lubricating pump is running. 


THE CHURCHILL MACHINE TOOL CO. LTD., BROADHEATH, nr. MANCHESTER. 
Telephone: Altrincham 3262. Telegrams: Churchale, Manchester. 
Export Sales Organisation: Associated British Machine Tool Makers Ltd., 

London, Branches and Agents. 


Home Selling Agents: Charles Churchill & Co. Ltd., Birmingham and 
Branches. 





PRECISION plas PRODUCTION 
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production on 


BROWN « WARD 
bar automatics 









An extremely wide range of work can be 
economically produced on Brown and Ward 
Single-Spindle Automatics. By virtue of 
their simplicity in setting-up, operation and 
maintenance and by their low cost compared 
with more complex machines they ensure 
high-production repetition work at lowest 
possible cost per piece. Range of machines for 
bar work up to 11” dia. X 44”. Automatic stud 
machines also available. 


ALFRED 





Semeoitret LTD., COVENTRY 
hh >S>>DSSSESpSSSSSSS—= fLoctored Division, Red lane Works. 








AD265 
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MAXIPILOT 


AUTOMATIC 
MULTI-CYCLING 
HYDRAULIC 
COPYING LATHE 


for fast, accurate 
high-output production 






All the components shown below can be automatically produced at fast rates and with 
high accuracy by copy turning on the Drummond Maxipilot Hydraulic Automatic 
Multi-cycling Copying Lathe. 

This rigid and powerful machine has been designed to exploit to the maximum the 
cutting possibilities of carbide tools on medium and large quantity production runs. 
Top speed is higher than usual for a machine of this size and special attention has been 
given to the elimination of all vibration. 

The Maxipilot is made with 20 in. or 32 in. between centres and maximum swing 16 in. 
over bed; 9 in. over the cross slide. Write today for full details. 


DRUMMOND BROS. LTD. 


GUILDFORD - ENGLAND 








Sales & Service for ... DR 1) ad ON D-ASQU ITH . . « the British Isles 








DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 
‘Phone : Midland 3431 (7 lines) ‘Groms: Maxishope, B'ham. Also at LONDON : Phone : Trofalgar 7224 (5 lines) and GLASGOW : ‘Phone : Central 0922 
D 262 
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TYPE ‘A’ 
High Quality, Medium Capacity Lathes 


These Swift lathes are capable of heavy-duty cutting 
and the range of speeds provided is adequate to take 
full advantage of carbide tooling. Available in two 
sizes, Type 9A with swing over bed I84 in. by 4 ft. 
between centres, and Type | 1A which swings 223 in. 
by 5 ft. 9 in. Write today and ask for the complete 
specification of Swift ‘A’ type lathes. 


GEORGE SWIFT & SONS LTD. 


HALIFAX » ENGLAND 


Sales & Service for... DRUM MOND-ASQUITH . . . the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 


"Phone: Midland 3431 (7lines) 'Grams: Maxishape,B’ham. Also at LONDON: Phone: Trafalgar 7224 (Slines) and GLASGOW: ‘Phone: Central 0922 
S301 
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PRTC SL Ley oth 
Special Alloy Steel Bars 


for EVERY PURPOSE 


THOS. FIRTH & JOHN BROWN LIMITED : SHEFFIELD 
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are all features of the 
range of Precision 
Grinding Machines 


























| FORTUNA -WERKE 
SPEZIALMASCHINENFABRIK A.G. 
| STUTTGART 
GERMANY 


For Toolroom 
and Production 


Illustration shows Model AFB, one 


of the wide range of types available 
in 2 sizes, 5.5/16 height 


of centres, 12" and 20" max- 
With FINITOR Automatic 


size control the measuring 
head which controls the 
cycle of the machine is in 
constant direct contact with 
the work during grinding. 





imum distance between cen- 
] tres. Can be arranged as 
plain, universal or automatic 


machine and with infinitely 

Accuracy is thus indepen- 
dent of all variables inherent 
in the grinding operation. 


variable wheel speed. 











LET US DEMONSTRATE TO YOU 


NRP 1555 


W/2\O(e1 TAN 





ASSOCIATES LIMITED 


4 QUEEN STREET - CURZON STREET - LONDON - W.! Tel: GROsvenor 8362 
Midland Office and Demonstration Room: WILFORD CRESCENT ° NOTTINGHAM Tel: NOTT 88008 
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—by installing 
SWISS 


AUTOMATIC 


| HYDROCOPYING 
| MACHINES 








4 





= 









ey 






Speed up production by copy milling the ‘RIGID’ way. 
Line-by-line scanning automatically copies vertical 
angles up to 90° and 360° profiles at constant feed 
without rotating the work-table. With a reverse image 





attachment similar profiles of the same or opposite hand 
can be made from the one master. Tracer pressure is 
so light that plaster or wooden masters can be used. 


IMMEDIATE DELIVERY 
Model KA.200/2. Two Spindles. Table size 924” = 234’. 


KA.200 illustrated 





DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone WESTERN 8077 (8 lines) Telegrams. ACCURATOOL HAMMER LONDON 


Send for illustrated 
brochure to Sole 
U.K. Distributors 
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Terry's circlips ‘cut production costs 


— UE 


Delivery from stock in sizes from }" to §” 
Please may we send you samples ? 


TERRYS 


HERBERT TERRY & SONS LIMITED, REDDITCH, ENGLAND 
Famous for springs and presswork for over 100 years 


Jc Sete 
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Minor Cylinders—3” to 25” dia. 
Standard Cylinders—2” to 8” dia. 
Heavy Duty Cylinders—2” to 12” dia. 


Control Valves and Accessories 





for all pneumatic applications 


Catalogue on application to: 


MARTONAIR LTD : PARKSHOT - RICHMOND - SURREY 


Also in Australia, Belgium, Canada, Denmark, Finland, Germany, Holland, Iceland, New Zealand, 


Norway, South Africa, Spain, Sweden, U.S.A. A.D.43. 
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Increase production with NEW 9 






Mg; Druin 


incorporating ‘Magnadur’ 


ceramic magnets 


DRIVING MOTOR 


COOLANT INLET 








GEAR BOX 


COOLANT OUTLET 

















} (Both sides) 
| iis 

% Higher Production rates The heart of the New Philips ‘Magna-Drum’ coolant Clarifier 

eee: is a compact unit which is magnetic over its whole surface area, 

% Finish improved. and incorporates ‘Magnadur’ high power ceramic magnets. The 
' 4 Custad anne equipment will filter straight cutting oils or soluble oil coolants 
| pray - without any modification. A very high proportion of grinding 
i % Fewer wheel dressings abrasive is always entrained in the ferrous swarf collected. Standard 
‘Magna-Drum’ Clarifiers are available for handling flows of 
| % Coolant saved 300 g.p.h. to 7,500 g.p.h. British Patent No. 765495. 
4 Larger equipments can be designed 

% Sludging of settling & to suit special applications. 

tanks prevented 4 





PHILIPS 4 THE DEPENDABLE FILTERS 


=Y | us| PHILIPS ELECTRICAL LTD 


and, FILTRATION DEPARTMENT 
Century House + Shaftesbury Avenue + London » WC2 





*MAGNADUR’ RINGS 


SCRAPER PLATE 
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why pick on us? 


Lines Brothers hailed us aboard t essure 
opr 


die cast their lri-ang mod 

: Pate el tor 

“Swordfish”. By helpin outboard mo 

we were ab 8 to simplify the 

desig”: able to do Ae Gig 
the job in five 


ini alloy cast; 
aluminium astings, Mh B 8 
or’ strength. Time, ne combining lightnes 


gaved—as they invari 
pick om Us. We're rea 
or zinc base alloy 
gize OF Quantity ,, . 


ably are when you 
dy to Produce aluminiu™ 


the whole in one 


BRITISH DIE CASTING AND ENGINEERING CO. LTD. 


EDWARD ROAD - NEW BARNET : HERTS - TEL: BARNET 9211 
ALSO AT WEST CHIRTON TRADING ESTATE - NORTH SHIELDS 


NORTHUMBERLAND -: NORTH SHIELDS 2100 
CRC39 
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come to 

















for better 


broaching 





10 ton 72” stroke S.R.V. Machine, 
broaching triangular neck 


ay, 


} between Fir Tree form and 
! platform on Turbine Blades. 


Vertical Single or Double Ram 





Surface Broaching Machines, 
fully automatic. 

Capacity: 3-30 tons. 

} Travel of slide: 42-90 inches. 


The Lapointe Machine Tool Co Ltd | 


British Made Otterspool Watford By-Pass Watford Herts 
Telephone Gadebrook 3711 (4 lines) Cables Lapointe Watford 


Also The Lapointe Machine Tool Company Hudson Mass. USA 
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Precision 


Bench lathe 


9” swing by 18” between centres. 
4” collet capacity. 
16 spindle speeds 45 - 1,200 r.p.m. 


SABEL, SAB and 5... 


THREADS AND FEEDS 











“ SABEL ” 
Range of Threads (48) R.H. or L.H. 4 to 224. 
Range of Sliding Feeds (48): 0.0853” to 0.0015”. 
Range of Surfacing Feeds (48): 0.0256” to 0.0004”. 


“ SAB ” 
Range of Threads (45) R.H. or L.H. 4 to 160. 
Range of Sliding Feeds (26): 0.0155” to 0.0021”. 
Range of Surfacing Feeds (23): 0.0046” to 0.001”. 
oe” 
Range of Threads (45) R.H. or L.H. 4 to 160. 
Range of Sliding Feeds (14): 0.0155” to 0.0021”. 


IW (bps 
al 











@ 


You can now convert your Smart & Brown bench 
lathe for Capstan operation. Full data from 
stockists or the address below. 


SMART & BROWN ‘cH: roo.) LTD. 


25-MANCHESTER SQUARE +> LONDON - W:I 


Telephone: Welbeck 7941/6 Telegrams and Cables Smartool, Wesdo, London 























aa 


2) 232 xa 


h 











ch 
m 


The Institution of Production Engineers Journal 
, 





ee eee 








A Wild-Barfield furnace will bring immediate advantages. It 
speeds up production and helps to cut costs by eliminating 
delays and wasteful handling. Built to the highest standards of 
workmanship, these furnaces offer consistent results and 
minimum maintenance. The Wild-Barfield Research 


Department is available at all times to advise you on your 


heat-treatment problems. 


ELECTRIC 


Nain 





Fit Wild-Barfield 
furnaces into 
your production line 





td) FOR ALL HEAT-TREATMENT PURPOSES 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. 












Shaker Hearth Furnace 







Continuous and batch type furnaces for: 


NORMALISING 
HARDENING 

TEMPERING 

GAS CARBURISING 

CARBONITRIDING | 
BRIGHT ANNEALING 





and other applications 





Telephone: Watford 6091 (8 lines) 
WB 6i 









The Institution of Production Engineers Journal 


/ 





of] 


















The apprentice was right in the groove about the 
coolness of the lathe tools, but the way he 
put it was guaranteed to generate heat. 
“ Dig those cool cuts, my Aunt Sabrina ! ” 
our Oldest Hand grumbled. “‘ One of these 
days you'll get such a hot rhythm 
beaten on your big base, you'll need 
Sternosol-Six * to cool you down.” 
And before the boy could recover from 
this, our O.H. made the unkindest cut 
of all: “ Yes, my lad, you’ll be a real gone 


man, unless you use the best cutting oils.” 


cutting oils 





* Our full range of straight and soluble cutting oils is described in Schedule SS638. 


















STERNOL LIMITED - ROYAL LONDON HOUSE - FINSBURY SQUARE - LONDON E.C.2 - MONarch 3871-5 
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Aero Research Ltd 


ANNOUNCE 





that from June 30th 1958 
the Company will be 


known as 


Makers of synthetic resins for industry 


REDUX 
AERODUX 
AEROLITE 





# CIBA(A.R.L.) LTD 


RESOLITE 


ARALDITE 
AEROWEB 


(registered trade names) 


CIBA (A.R.L.) LTD 


Duxford, Cambridge 


yy, Yyyyrr=¢=w—09})0 
Uj jp tYfjjyywyy 'UYyj43 
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Westminster Airways Servicing Ltd 


GOSPORT, HANTS. 


Since 1951, when they installed their first ‘70’ Junior Lathe, Westminster Airways Servicing 
Ltd., have steadily added to their W & M line. Today they have five ‘70’ Junior Lathes and two 
‘85’ Senior Lathes, all employed “with complete satisfaction” on intricate high precision Aircraft 
Prototype and Tool Work. 


In work of this kind, which demands such high standards of accuracy and reliability, “complete 
satisfaction” is always the aim of W & M. 


WOODHOUSE & MITCHELL 


WAKEFIELD ROAD: BRIGHOUSE : YORKS 


PHONE: BRIGHOUSE 627 (3 LINES) — GRAMS: ‘WOODHOUSE BRIGHOUSE’ 
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Photograph by kind permission of Leyland Motors Ltd. 


Neven hones are used by the leading 
engineering firms. The illustration shows our hones 
in use at Leyland Motors Ltd. 


IMPREGNATED 
DIAMOND PRODUCTS 
LIMITED 


OF GLOUCESTER 


TELEPHONE 21164 (3 LINES) 
TELEGRAMS IMPREG GLOUCESTER 


Neven Diamond Tools Cut, Drill and Grind the Hardest Materials 
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Photograph by courtesy 
Rolls-Royce Limited 
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Glostics Ltd 


AGENTS + IMPREGNATED DIAMOND PRODUCTS LTD - TUFFLEY CRESCENT + GLOUCESTER 
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3,000 RW pass-out turbine-generator installed 
at the Burneside Mill of James Cropper & Co. Ltd. This 
machine gives a maximum of 70,000 1b. per hour of pass-out steam 
at 25 psig, and generates 50 cycle, 3 phase alternating current at 3,300 volts. 


Steam is costly 
-«make it work 





In many industries where steam is used for processes or heating it is economical to 
install Metropolitan-Vickers pass-out turbine-generators and so generate electrical 
power and cut fuel costs. 

Metropolitan-Vickers has had considerable experience in the design of self-contained 
pass-out and condensing steam turbines, and will be pleased to advise on their 
application in your particular industry. 


METROPOLITAN -VICKERS 


ELECTRICAL ¢ TC 





An A.E.1, Company 


Geared Pass-out Turbines for Industry 


B/B704 
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short-handed ? 







{ 
Only one pair of hands is required to operate the Azoflex model 42/63 to produce prints in large 
quantity —dried, flat and ready for immediate trimming and collating. No darkroom, no 
elaborate ventilating system and ducting are necessary as there are no unpleasant fumes, and 
therefore AZOFLEX machines are completely mobile to facilitate reorganisation or expansion. 


Exposing, developing and print delivery are all synchronised for an even flow of finished work, 
and output in excess of 100 20” 30” prints per hour can easily be achieved. AZOFLEX is the only 
aver daylight reflex copying process and it is the only 
photoprinting process to apply a measured dose 
of developer, thus ensuring optimum quality. 
The majority of AZOFLEX photoprinting 
machines can, subject to certain conditions, be 
hired as an alternative to outright purchase, : 
where this is preferred. : 


cane RE in RR a 


AZOFLEX MQDEL 42/63. Combined synchronised printer 
and developer. Capacity: cut sheets and rolls up to 42 in, q 
wide. Printing speed: from 6 in, to 15} ft. per minute. 
Dimensions: Height 52 in. Width 67} in. Depth 52 in. with 
delivery tray extended. Weight: approximately 850 lbs. 


ILFORD 


MATERIALS FOR DRAWING OFFICE PHOTOPRINTING 





Enquiries to: Ilford Limited, 
Industrial Sales Dept. AZI4AA, 
Ilford, Essex 

relephone : Ilford 3000 
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Photograph by permission of F. Perkins Ltd. 







One side of a Perkins flywheel machined in 2.64 minutes 


This VERTICALAUTO NO. 10 (six-spindle model) is in the flywheel section of 

F. Perkins Ltd., Peterborough. It maintains a bore tolerance of .0007’, and 
crankshaft register and starter ring diameters are held within .002” and .0015’ 
respectively. There are nine tooling positions and the six 16” hydraulically 
operated chucks are driven by a 60h.p. main motor. 

Eight-and-twelve spindle machines are also available. 


ea Ai kth VERTICALAUTO 





Thomas Ryder & Son Ltd., Machine Tool Makers, Turner Bridge Works, Bolton, England 
Makers also of single-spindle Rydermatics and piston ring lathes 
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THE NEW 


BARBER & COLMAN 


Pe amr wR ES 


PRECISION SET-UP ADJUSTMENTS 


WET OR DRY GRINDING 


ACCURATE INDEXING 
PRECISION BUILT-IN WHEEL DRESSER 





ADJUSTABLE HYDRAULIC TABLE SPEED 


AND STROKE 


AUTOMATIC FEED AND INDEX COUNTING 


UNIT CONSTRUCTION 


sharpening equipment. 


The new Barber-Colman No. 6-5 Hydraulic Sharpening 
Machine is a precision machine which controls index 
spacing, rake angle, lead of gash, and surface finish of the 
cutting tool to a degree which has never before been reached 
by any commercial 
literature available on request. 


Illustrated 


BARBER & COLMAN LIMITED 





BROOKLANDS 


SALE 


CHESHIRE 
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castings 





Maintaining the correct chemical analysis 
of die casting alloys, particularly with 
regard to impurity limits, is of paramount 
importance in the production of high 
quality die castings. Our Laboratory is 
equipped with one of the few direct reading 
spectrographs in use in this country. As a 
result the requirements of the B.S.I. 
Certification Scheme for zinc alloy die 
castings are far exceeded. Every melt is 
analysed and the holding furnace of every 
machine is checked for impurities at least 
once per shift, enabling any variance from 
specification to be quickly identified. With 
the utmost confidence, we can therefore 
claim to supply castings only of the highest 
quality. 

Quotations, without obligation, from draw- 
ings, specifications or samples. 


PRESSURE DIE CASTINGS 
IN ZINC, ALUMINIUM AND SOFT ALLOYS 


SPARKLETS LIMITED 


DIE CASTING DIVISION 


Tottenham, London, N.I7 
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Company NEW CONVEYOR CO LTD HEAD OFFICE SMETHWICK BIRMINGHAM 40 also at London & Manchester 
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PROMPT DELIVERIES — 
FROM STOGK 


A genuine off the shelf service for all machine shop equipment is 

offered. Comprehensive stocks of “ Galtona O.K.” Serrated blade cutters; 
“ Galtona” Ground thread taps and dies; twist drills; J & S Tools; 

Vices; H.S.S. Milling cutters and reamers; Carborundum products: 

lathe and drill chucks; socket head screws; precision tools; 

power transmission appliances; belting, pulleys and mill gearing: 

mill furnishing; machine tools and equipment:— 


Richard Loyd Limited 


GALTON HOUSE, ELMFIELD AVENUE, TYBURN, BIRMINGHAM, 24 
Telephone: Ashfield 1801, Telegrams “Cogs, Birmingham” 





NORTHERN AREA OFFICE: A. V. Green, Britannia House, Wellington Street, Leeds, !. 
LONDON AREA OFFICE: © ‘A. J. Percy, 240, Romford Road, Forest Gate, London, E.7. 


- 
EVERYTHING FOR THE %& TELEPHONE 


ENGINEERING SHOP BIRMINGHAM (Head Office) 


LONOON OFFICE 
MARYLAND 7304-5 


LEEDS OFFICE 
LEEDS 21212 





Whichever way you 
Look at it 


Look at it this way—Edibrac 

3 read backwards spells carbide 

R|iB DiE|. —and Edibrac carbide tips 
é spell longer life! 
































Write for further information about 


CENTURION TOOLS TIPPED WITH EDIBRAC 
HIGH GRADE CEMENTED TUNGSTEN CARBIDE 


Made Entirely by EDIBRAC LIMITED CENTURION WORKS, BROADHEATH, ALTRINCHAM, NR. MANCHESTER 


Think hard-think EOIBRAC/ 


dm EC.30 





























E.M.O. Instrumentation Ltd. employ 
Keighley * K.S.E.’ Internal Grinders for the produc- 
tion of high precision ball race components. 

A completely self-contained and compact machine, 
the ‘K.S.E.’ is designed for high speed, accurate 
grinding of bores from 7%" to 13”. 


please address enquiries to: 


NEWALL GROUP SALES LIMITED 


PETERBOROUGH PHONE: PETERBOROUGH 3227-8-9 KEIGHLEY PHONE: KEIGHLEY 4294 


A 60,000 R.P.M. electrically driven 
high speed grinding spindle pro- 
ducing 5 MM. bores at the Bracknell 
factory of 

E.M.O.INSTRUMENTATION LTD. 
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TWO MODELS FROM OUR RANGE al 
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CARDIFF ‘SENIOR’ 
















8)” S.S. and S.C. LATHE } 
Gap Bed 30”, 48” or 80”, alternatively Chip Flow Bed 48” or 80” 
18 Spindle speeds 20 to 970 r.p.m., higher and lower ranges optional 
Patented totally enclosed feed box providing wide range of threads and feeds 
Hardened and ground gears in gearbox and headstock—all meshing faces } 
tooth rounded for easy engagement i 
Patented snap action feed controls on apron-feeds can be varied whilst cutting } 

CARDIFF ‘MAJOR’ 







7)’ S.S. and S.C. LATHE 
Gap Bed 40” or 60”, alternatively Chip Flow Bed 30”, 40” or 60” 

18 Spindle speeds, 27 to 757 r.p.m. or 35 to 1000 r.p m. 

Patented totally enclosed feed box providing wide range of threads and feeds 
‘ Hardened and ground gears in gearbox and headstock—all meshing faces 


tooth rounded for easy engagement 
« 
: 


B EL Li0 I ( M AC H N E RY ) LT D oe ee 


(MEMBER OF THE B. ELLIOTT GROUP) 
| 


Patented snap action feed controls on apron f 











® SSS ee & 
ELLIOTT OF LONDON GROUP 


seen | 


VICTORIA WORKS, WILLESDEN, LONDON, N.W.10 
Telephone: ELGar 4050 (10 lines) Telegrams: Elliottona, Harles, London 
Overseas Subsidiaries: CANADA, U.S.A., AUSTRALIA, S. AFRICA 








The most practical plant 
for Cleaning METAL PARTS 


PRIOR TO ASSEMBLY, and BEFORE and AFTER REPAIRS 


et ial 
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A * Junior’ ore machine supplied to a Midlands 
Motor Car Works. 


Dawson 


DE-GREASING } 
AND CLEANING 
MACHINES 





A Rotary Drum machine for removing swarf and 
grease fram small components. 


Supplied for the washing and drying of Tractor A model ‘A’ machine washing parts of motor 
parts. Crank Shafts, Sumps, Pressings, etc. car engines prior to assembly. 
Dawson Metal Parts cleaning machines are supplied for all branches of the engineering 
industry. Their chief characteristics are robustness of design, small number of working 
parts and simplicity of operation. Space only permits the illustration of four of the 
many types of machines built for quick economical washing and drying of Metal Parts. 
Sole Distributors 


DRUMMOND-ASQUITH (Sales) LTD., King Edward House, New Street, Birmingham. 
Telephone—Midland 3431 

Manufacturers—DAWSON BROS. LTD., Gomersal, LEEDS London Works—406 Roding Lane South, Wood- 

Tel.—Cleckheaton 1080 (5 lines) ford Green, Essex. Tel.— Wanstead 7777 (4 lines) 
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DELTA 


MILWAUKEE 


Patent Numbers 710335, 
719846, 721848, 723337, 
723871 and 759043. 





THREE Models of 





DELTA Drill Units 


AIR POWERED-HYDRAULIC CONTROL 


A PRACTICAL LOW-COST WAY TO SOLVE MACHINING PROBLEMS INVOLVING DRILLING, TAPPING, REAMING, 
SPOT FACING, HOLLOW MILLING, CHAMFERING, CENTREING, COUNTER-SINKING AND THE LIKE — USE THE 
DELTA DRILL UNIT TO DEVISE SPECIAL TOOL SET-UPS THAT MULTIPLY PRODUCTION, BREAK BOTTLENECKS. 


Rarely has a new machine achieved success so completely and 
so quickly as this new Delta air-powered hydraulically 
controlled Drill Unit. 


Thousands of manufacturers, on the alert for ways to get 
better production faster and at least cost, have won astonishing 
benefits by means of this adaptable unit — by designing 
special machines for multiple and series operations. 


YOU’LL APPRECIATE “WHY” WHEN YOU CHECK THESE 
REASONS : 


1. Quick set-up. No cams. 
Ability to set most economical cycling. 
Infinitely variable control. 


Stroke length controllable to .0005in. accuracy. 


a 


. Hydraulic controlled power feed . . . independent of 


motor and spindle speed. 


6. Compressed air provides thrust on a sealed, pumpless 
hydraulic system to move spindle forward. No lost 
motion . . . no backlash. 


7. Sealed unit construction permits operation in any 
position. 


8. Built-in electrical control switches, permitting interlock 
with further units and/or mechanisms. 


9. Direct drive, gear drive or pulley drive available. 
10. Ability to use multi-drill or tapping attachments. 
11. Operates from standard plant 80 p.s.i. air supply. 


12. Rugged design and simple operating principle ensures 
long, trouble-free service. 


Three models are available : 
MODEL 19-150 — Capacity up to }”-14” stroke. 
MODEL 19-400 — Capacity up to 3” - 4” stroke. 


MODEL 19-600 — Capacity up to 14” -6” stroke. 


FURTHER DETAILS GLADLY SENT ON REQUEST 


GASTON E. MARBAIX LTD 


DEVONSHIRE HOUSE, VICARAGE CRESCENT, 
BATTERSEA, LONDON; S W111 
PHONE BATTERSEA 8888 
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Whether your plant requires fabrications of simple or 
complicated manufacture we can be of service to you. \ 
Fabrications of bolted, welded or rivetted construction 
made to individual specifications in almost any thick- 
ness of mild steel plate. 


Typical run of ducting supplied 
to a large glass manufacturing 
concern. Ducting fabricated 
throughout from +” mild steel 
plate, and ranging from 

4-0” to 6’-0” diameter. 


stones = Markland Scowcrogt 
have the answers! 


MARKLAND SCOWCROFT LIMITED Cox Green Works, Bromley Cross, Nr. Bolton Telephone EAGLEY 600 (5 lines) 


WNING TIME 3 
Maer oT BY NEARLY 4 ¢ 


on Vier) magneto covers | 















PREVIOUS METHOD 13 | 
Face milling on vertical miller | pieces per hour | 
PRESENT METHOD 32°4* 

Face milling on Wadkin Router pieces per hour 











* When the operator becomes fully proficient in the operation of the Wadkin 
Router, the rate of production is expected to reach 37 pieces per hour. 
The Wadkin High Speed Router does the face-milling operation 
on this light alloy magneto cover with a saving of more than 
60% of former machining time. This is not an unusual result — 
it’s typical of the Wadkin Router’s performance on Non-ferrous 
Metals. Unlike conventional machines the Wadkin L.S.M., shown 
on left, has cutting speeds up to 24,000 r.p.m. This guarantees 
a perfectly machined face requiring no further finishing 
operation, and only light clamping of the component is necessary. 


— ——— 





Tel: Leicester 68/5! Tel: MAYfair 7048 





Wadkin Ltd., Green Lane Works, Leicester. London Office: 62 Brook Street, W.| 
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THREADING TOOLS 


CEJ PRODUCTS 


Ground Thread Taps 
Chaser Dies 

Screw Plug Gauges 
Screw Ring Gauges 
Circular Chasers and Holders 
Round Dies 

Thread Milling Hobs 
Thread Rolling Dies 
Plain Plug Gauges 
Mikrokators 

Micro Snap Gauges 
Surface Finish Indicators 
Micrometers 
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Bore Gauges 

Deltameters (Automatic Sizers) 
Drill Chucks 

Gauge Blocks 

Dynamometers 

Extensometers 

Plain and Screw Snap Gauges 
Plain Ring Gauges 

Gronkvist Drill Chucks 

Dial Gauges 

Tapping Attachments 
Multiple Interference Microscopes 
Vernier Height Gauges 


A.l.D. AND A.P.I. APPROVED 


SOUTHFIELDS ROAD, DUNSTABLE, BEDS - TEL: DUNSTABLE 422/3/4 
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Direct reading to 0.00005 in. 
on projection screen 





FIELD OF VIEW | 


1 
} actual size 


All measurements with the Microptic Hori- 








zontal Measuring Machine are read in large 


Wl 


clear figures from a 3? in. wide screen. Reading 
is simplified, setting more accurate, eyestrain 
eliminated. Ideal for use in Testing and Stan- 
dards Rooms and for routine measuring of 
all types of internal and external work. Any 
number of measurements over a four inch 
range can be made with one standard setting. 
Capacities: Internal ; to 10 ins., External 
0 to 134 ins. Metric reading model available. 
Length 35 ins.; height 22 ins.; width 14 ins. 





IYNNNUTUHNNUU LSU 
TUE 


Write for list IPE/105. 5 I TUNA LUAU THUUIUULIUAULL ni 


HILGER & WATTS LTD. 98 ST. PANCRAS WAY, LONDON, N.W.1 Tel: GULliver 5636 


Makers of precision optical instruments for analysis, measurement and inspection. Member of the Export Marketing Company—BESTEC 
Hwiios 











WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 
















Whatever it is you need—large or small capacity— 
high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & CO. Ltp. 


IPSWICH 





Telegrams: Reavell, Ipswich 





Telephone Nos.: 2124-5 
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does the work of 11(0) 


, 


MULTIBORE GCOLLETS 


for more flexible, accurate, economical production 


Adjustable to any diameter within its 1/8” limits, each Multibore collet replaces at 
least ten conventional collets. Thus a very small range of Multibore collets will 
handle all sizes of work between 1/8” and 2”. The Crawford Hydraulic Chuck is 
specially designed for use with Multibore collets and will be available in 2 sizes. Each 
incorporates a self-contained hydraulic system, for closing the collet easily and 
efficiently, that making this the most powerful DEAD LENGTH chuck in the world. 


CRAWFORD GOLLETS LIMITED 


WITNEY - OXON Telephone: Witney 334 The Crawford Hydraulic Chuck 





London Stockists ; Acbars Ltd., 16-18 Macleod Street, Walworth Road, London, S.E.17. RODney 7191 

Midland & Northern Stockists : Retselp Engineering Ltd., Vulcan Road, Industrial Site, Lode Lane, Solihull, Birmingham. SOLihull 2239 
Agents for South West England and Wales : Messrs. W. O. Bullock & Sons Ltd., 126 Rodbourne Road, Swindon, Wilts. Swindon 6331 
Agents for Scotland : R. McSkimming & Co., 65 West Regent Street, Glasgow C.2. DOUglas 7391/2 
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THERE IS A COMPLETE RANGE OF RODOL PRODUCTS 


Included in the RODOL series of rust preventives are materials — 
to protect steel against all hazards — inter-process protection, 
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Who foots that BUST bill — 


> you or your customer ? 


Steel parts or assemblies in transit are easily 

attacked by RUST if they are not suitably protected. 
Do you lose interest in your products after they 

leave your Despatch Department ? Your customers 
shouldn’t be faced with a bill for RUST damage 

in transit. There need not be a rust bill anyway, if 
your products are RODOL protected. RODOL 
anti-rust treatments are easily and economically applied 
and they give complete and positive protection. 





anti-rust treatment in storage or transit, de-watering fluids or 


protection before a permanent finish is given. Ask for samples 


and literature. 


RUST IS INDUSTRY’S BIGGEST SPOILER 


wr wn PONY 





FLETCHER MILLER LTD., ALMA MILLS, HYDE, CHESHIRE 


Telephone: HYDE 3471 (5 LINES) 


Telegrams: EMULSION, HYDE 


Also at LONDON - WEST BROMWICH : NEWCASTLE-ON-TYNE ; CARDIFF : GLASGOW : BELFAST 
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Sintox Technical Advisory Service 

This service is freely available without obligation to 
those requiring technical advice on the application of 
Sintox Industrial Ceramics. Please write for booklet or 
any information required enclosing blue print if available. 


EXCEPTIONAL MECHANICAL STRENGTH 


Ultimate strength Ibs/in2 ..........ccececseceeees 18,000 
Young Modulus Ibs/in? ...............00000 46.7 X 108 
Compression Strength Ibs/in2 ............... 240,000 
Modulus of Rupture Ibs/in2 ...............00000 48,000 


These four facts illustrate the strength of Sintox 
and why it has been used with such great success 
where other materials would break under the 
strain — cutting tools and thread guides being 
only two of many hundreds of uses. 


SINTOX IS MANUFACTURED BY 
LODGE PLUGS LTD., RUGBY. @® 
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Are you making the most of 





rH | LOW-PRESSURE HYDRAULICS ? 


3,000 fi 
‘108 é Wherever steady, controlled movement is required oil-hydraulics 
: really come into their own. 
0,000 i Most hydraulic equipment, however, is designed and built primarily for 
8,000 1 high-pressure operation. When used for low-pressure applications 
it runs at a fraction of capacity and it would therefore be far cheaper to 
intox } design and build hydraulic equipment specially for low-pressure operation. 
iccess The new range of Baldwin low-pressure hydraulics meets this need. 
ake Right from the drawing-board stage this equipment keeps one aim in view— 
bane RELIABILITY. Polished, hard-chrome plated cylinder bores and piston rods ; 


self-adjusting, oil and water resistant seals, rugged malleable cast-iron and 
steel construction, completely rust and corrosion proof inside and out; built-in 
cushioning to absorb the shock of heavy loads moving at high speeds. 

Unit construction enables Baldwin to offer 432 standard types of cylinder 

with 6 bore sizes and 8 standard mountings. 

Ask any discriminating buyer, he will tell you that it pays to specify 

Baldwin low-pressure hydraulics. 








Write now for your 
copy of this new 
Fluid Power Bro- 
chure B6- 503 — it 
gives complete easy- 
to-read information 
on the entire range 
of Baldwin cylin- 
ders, valves, and 
accessories, for 
pneumatic and 
hydraulic use. 








BALDWIN INSTRUMENT COMPANY LIMITED 
Y. 33] DARTFORD - KENT - DARTFORD 2948 One of the Harper Group of Companies 
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machine idle ? 


you cannot afford NOT 
to rebuild... 
.2.at 50% of the cost 


For economic reasons and the 
present-day cost of new machine tools 
the rebuilding of them is a must. 
Our method of rebuilding with 

the unconditional guarantee to meet 
the original manufacturers 
specification, equals a new machine 
often at less than 50% of its cost. 
In many cases we can help to 

bring the old design to the modern 
standards required today. 

We convert standard equipment 

to specials besides building special 
application machines. 


Write for descriptive brochure. 
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J. BROCKHOUSE & GO. LTD., Elms Works, Penn Rd., Wolverhampton, Phone 23801 














UDAL Press Unloader and 
Loader give four-fold saving 








Time Saving 


The Loader permits 
continuous feeding 
with the minimum of 
Operator move- 


will give a produc- 
tion rate of 800 per 
hour with one Op- 
erator. With manual 
loading, two Op- 
erators would do 
well to reach 360 
per hour. 


Economical Cest Labour Saving 


Relative to the sa- The Unloader either 
vings in production replacesan Operator 
costs fromtheuse of at back of Press 
these Units, their or enables the front 


Versatility 


Easy changeover 
from one job to 
another. Mounted 
on castor wheels 


ment. Thetwounits with built-in height prices including Operator to con- 
together on a Press adjustment, the installation, are centrate solely on 
running at!5s.p.m. Units can be rolled attractive. feeding. 


clear for toolsetting 
or moved to another 
machine and reset 
within minutes. 


j. P. UDAL LTD., 


interlock Works, 
Court Road, 
Birmingham 12 
Tel;. Calthorpe 3114 








THE FIRM WITH 
HALF-A-DOZEN 
JIG BORERS for 


PRESS TOOLS 


etc. 






































HIGH SPEED SERVICE TOOL CO. LTD 
Maple Road, Surbiton. Surrey. Elmbridge 1135-7 


STUDER PROFILE GRINDING A SPECIALITY 
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The reduced thread face of the anvil 
eliminates all shearing action, a 
particular advantage when gauging 
soft metals. 





Thread grinding the anvils. 


As there are no projections 
from the side of the caliper 
frame it is suitable for gauging 
shouldered work. 





Featuring Horstmann gauges 


The Horstmann Model 52 Screw Caliper Gauge puts accuracy in your hands. 
In addition to the features displayed above, it incorporates many other 
advantages, all of which contribute to fine accuracy, versatility, long life 








BiINGs and ease of handling. The anvils are set so that they do not roll — all 
a shearing action is eliminated — the caliper is suitable for either left- or 
SEPT, 20th right-hand threads — and it is ideal for gauging Acme forms and shouldered 





Litt imp 


work. Model 52 is available in a full range of B.A., American, Unified, 
Whitworth and Metric forms of thread. 

Horstmann also make screw or plain Plug and Ring type gauges. All these 
precision instruments are guaranteed for accuracy, hardness and finish to 
the requirements laid down by the National Physical Laboratory. 





GIVE FOR 
TNOSE WHO 
GAVE 







May we send you descriptive leaflets ? 







PLUG, RING & CALIPER GAUGES 


THE HORSTMANN GEAR COMPANY LIMITED 
NEWBRIDGE WORKS - BATH - ENGLAND - Tel.: 7241 
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THERE’S A SOUND 
BARRIER IN 
INDUSTRY TOO! 


More than 1,000 factories now use the Croid-Cooper 




















method to combat noise and vibration, the arch-enemies 
of efficiency. In these factories each machine is simply 
stuck down on a felt base with a holding power of 
50 Ib. to the square inch, a felt base that absorbs more 
than 80°/, of vertical vibration in some cases, reducing 
the wear on machines and enabling them to produce 





more accurate work. Reducing the wear on operators’ 
nerves, too. With the Croid-Cooper methods bolting 
and grouting are things of the past, and layouts can be changed overnight. 
Send for further details today. 


COOPER & CO. (B’HAM) LTD 
BRYNMAWR BRECONSHIRE 


TELEPHONE: BRYNMAWR 312 






MACHINE FIXING GLUE 


[ cnomes 
| *t C00 ae 





RAPID THREAD REPAIR — ——————————————————— 


CUTE SCRAP COSTE S simer 
: | Radio-Frequency—too!! 


INSERT 

















Over the years more and more companies have 











entrusted us with their components for FLAME 





HARDENING and learned its amazing possibilities. 











Meantime we have developed a RADIO- 
FREQUENCY Department and can offer service 


from Valve Generators up to 125 Kva. 


On Starter Rings we have full automation. Yet 


we know there is still much to learn..... 


HELI-COIL remarkable possibilities ! ! 


SCREW THREAD INSERTS 


Provide astronger than original thread 
which will not strip, is rust and cor- 








Gon. Avallatle in single sice and range FLAME HARDENERS LIMITED 
kits, Heli-Coil ane _— = repair is a 
must in everymachine shop. ‘ . * 

onpeR YOUR KIT NOW! Shorter Works - Bailey Lane - Sheffield | 


FROM YOUR TOOL DEALER 
IN CASE OF DIFFICULTY DETAILS FROM... 


ARMSTRONG PATENTS CO. LTD. 


BEVERLEY - YORKSHIRE - BEVERLEY - 82212 





Telephone 21627 
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Standard Drills from 2” to 3” 
diameter are available from our 
extensive stocks and a staff of 
Technicians backed by the most up- 
to-date equipment is ready to give 
practical assistance to customers 
on any drilling problems. 


ENGLISH STEEL TOOL CORPORATION LTD 


Openshaw, Manchester 


Makers of high quality Engineers’ Cutting Tools for over a century 
A WHOLLY OWNED SUBSIDIARY OF ENGLISH STEEL CORPORATION LTD., SHEFFIELD 
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@.47.4' HEAVY DUTY 


DRILLING MACHINES 


These robust machines 
are designed for day-in 
day-out large scale pro- 
duction drilling. Excep- 
tionally slow speeds can 
be provided by special 
vee-pulleys and low 
speed motor for reaming 
and tapping. 





The spindles are ac- 
curately ground to fine 
limits and the rack teeth 
are cut into the spindle 
sleeve. 





Available as bench or 
pedestal models. Aji. 3" dia. in steel or cast iron. 
%" dia. in softer metals. 
Aj2. }"dia. 
Fall details foom:: AJ3. 3" dia. (steel or cast iron). 


(AJAX ) AJj4.  4'6", 5'0" and 5' 6" radius. 


AJAX MACHINE TOOL CO. LTD. 


WEST MOUNT WORKS - HALIFAX + YORKSHIRE 
Prop. ADA (HALIFAX) LTD. 
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SPRINGS 


(ROCHDALE 
L>-¥ M | + ls a 
NG works 
D — ROCHDALE 


Grams: Recoil, Rochdale 


NORMAN R 


Phone: 4692 3/4 


e 


Ratcliffe Springs never lose their temper ! 














“ Newallastic” bolts and studs 
have qualities which are abso- 
lutely unique. They have been 
tested by every known device, 
and have been proved to be 
stronger and more resistant 
to fatigue than bolts or studs 
made by the usual method. 
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These PRECIMAX MPB 
14/40 Plain Cylindrical 
Grinding Machines yield 
the twin merits of con- 
sistently high output and 
unvarying accuracy which 
contribute valuably to the 
economical production of 
Jaguar crankshafts. They 


FOR are equipped _with 36” 


4 diameter grinding wheels 
CONSISTENTLY HIGH : lowes Seades mmo 
d th a> 
RATES OF PRODUCTION aniien ined fa 
feed for grinding the 
journal end faces. 


JOHN LUND LIMITED - EASTBURN WORKS - GROSS HILLS - Nr. KEIGHLEY 
TELEPHONE: CROSS HILLS 3211 (3 LINES) 
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LONDON BRICK 
COMPANY 








MACHINES 


A RICHMOND S.R.2. Radial Drilling Machine 
operating in the workshops of this famous brickmaking firm. 


SENO FOR LEAFLETS 


giving specifications and full 
technical information on 


RICHMOND 
DRILLING 
and MILLING 
MACHINES 











No. 4 UNIVERSAL 
MILLING MACHINE 














MIDGLEY & SUTCLIFFE LTD. 
Hillidge Works, Leeds 10 Tel: Leeds 76032/3 
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WE INVITE YOUR 
ENQUIRIES FOR: 


LET 

US 

BE 

YOUR 
MACHINE 
SHOP 


Capstan, turret and centre 
lathe work: Milling—all 
types—internal, surface 
and universal grinding. 
GSIP jig-boring, drilling, 
shaping, thread-milling, 
honing, etc. also for tool 
work. Ours is a complete 
machine shop to meet your 
every need. 


A.l.D. and A.R.B. 
Approved. 


MARSDEN & SHIERS LTD. 
DAVIS ROAD - CHESSINGTON - SURREY 























600 Ib. 1 TON 


HOLT 


PNEUMATIC PRESSES 


* For 
BLANKING, PIERCING, 


BROACHING, FORMING, ETC. 


OR WHEN USED WITH A VIBRATOR FOR— 


RIVETING AND PEENING. 














HOLTITE 


3 TON j 
CLAMPS 


These versatile Toggle 
Clamps are available 
in various sizes. For 





powerful grip, accurate Write NOW 
——===—_ and speedy location of for full details 

work, they have no 

equal. and leaflets 











JAMES HOLT ENGS. LTD. 
MILTON WORKS, MULE ST., BOLTON, LANCS, ENG. 
ee Phone: BOLTON /209 game 
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The leading manufacturers 


of spark machining equipment Mk III Model 


now introduce their latest 65 KW 



















SPARCATRON 


means perfection in the field of spark 
machining with faster cutting, 
automatic control, ease of operation 
and a high degree of precision 
for all forms of die-making. 


Manufactured by 


IMPREGNATED DIAMOND PRODUCTS 
LIMITED 
GLOUCESTER * ENGLAND 


Sole Agents for the United Kingdom - BURTON, GRIFFITHS & CO. LTD « KITTS GREEN «© BIRMINGHAM 33 











Page 
A2 
A84 
A20 
A5 


Adcock & Shipley, Ltd. 
Ajax Machine Tool Co. 
Allen, Edgar, & Co. Ltd. 
Allspeeds, Ltd. 

Aluminium Wire & Cable ‘Co. _-- 
Armstrong Patents Co. Ltd. box A82 
Arrow Electric Switches, Ltd. Sas — 
Asquith, William, Ltd. * — -- 
Associated Steels & Tools Co. Ltd. -— 
Automation, Ltd. ... ; vA — 


Ltd. 


Ltd. 


B.S.A. Tools, Ltd. coe — 
Baird & Tatlock, (London), : oe — 
Baker, C., of Holborn, Ltd. oe — 
Baldwin Instrument te... A79 
Barber & Colman, Ltd. ... of A68 
Barraclough, R. W., Ltd. ... : - 
Baume & Co. Ltd. ... 5 oe — 
Benton & Stone, Ltd. be me 
Birlec, Ltd. ... sep A26 
Birmingham Aluminium — "Casting 

(1903) Co. Ltd, ... Al 
Birmingham Tool & Gauge Co. Ltd. A3 
Black & Decker, Ltd. — 
Bolton Railway Wagon & Ironworks 

Go. Led. .. ee A38 
Bratby & Hinchliffe, ‘Ltd. ay: — 
Bray ‘Accessories, Ltd. ~~ — 
British Aero Components, ia... Al13 
British Die Casting & ees 

Co. Ltd 
British Oxygen Gases, Ltd. 
British Tabulating Machine Co. Ltd. = 
British Thomson-Houston Co. Ltd. — 
British Timken, Ltd. i Pe — 
Brockhouse, J., & Co. Ltd. 
Broom & Wade, Ltd. ics es -— 
Brown, David, Corpn. wait Ltd., 

The ; a — 
Brown & Ward, Ltd. ou 
Burton Griffiths & Co. Ltd. 
Butler Machine Tool Co. Ltd., The - 
Butterley Co. Ltd., The ... - 


A56 
Al18 


Catmur Machine Tool Corpn., Ltd. -- 
Centec Machine Tools, Ltd. sax — 
Churchill, Charles & Co. Ltd. ... 

Churchill Machine Tool Co. Ltd. 
Churchill-Redman, Ltd. ms 
Ciba (A.R.L.), Ltd. = ce 
Cohen, Geo., Sons & Co. Ltd. ... — 
Concentric Manufacturing Co. Ltd. -- 
Cooper & Co. (B’ham), Ltd. 
Coventry Climax Engines, Ltd. ... -- 
Coventry Gauge & Tool Co. Ltd. -— 
Cow, P. B., & Co. Ltd. .. = 

Crawford Collets, Ltd. se8 a 
Crofts (Engineers), RN, ks — 
a Parkinson (Stud Welding), 


Coca William, Ltd. : _ — 


Dawe Instruments, Ltd. 
Dawson Bros., Ltd. 

Dean Smith & Grace, Ltd. A35 
Dowding & Doll, Ltd. 7 ; A52 
Drummond Asquith (Sales), Ltd. . — 


Drummond Bros., Ltd. A48 


A72 


E.M.I. Electronics, Ltd. . 
E.N.V. Engineering Co. Ltd. 
Edibrac, Ltd. Be 
Edwards, F. J., Ltd. ; es — 
Elgar Machine Tool Co. Ltd. ... — 
Elliott Bros. (London), Ltd. : 

Elliott, B (Machinery), Ltd. sé 
English Electric Co. Ltd., The .. 
English Steel Tool Corpn., Ltd. ... 
Exors of James Mills, Ltd. ine - 


INDEX TO ADVERTISEMENTS 


The Institution of Production Engineers Jou .al 





Firth, Thos. & Brown, John, Ltd. 
Flame Hardeners, Ltd. ee oe 
Fletcher Miller, Ltd. 

Ford Motor Co. Ltd. fis 
Fractional H.P. Motors, Ltd. 


G.P.A. Tools & Gauges, Ltd. 


Gas Council, The 

Gledhill-Brook Time Records, Ltd. 

Glostics, Ltd. we 

Guest, Keen & Nettlefolds 
(Midlands), Ltd. 

Guylee, Frank, & Son, Ltd. 

Hale & Hale (Tipton), Ltd. 

Harr'son, T. S. & Sons, Ltd. 

Heenan & Froude, Ltd. ... 

Herbert, Alfred, Ltd. : me 

High Speed Service Tool Co. Ltd. 

Hilger & Watts, Ltd. : ie 

Holman Bros., Ltd. ec nv 

Holt, James (Engineers), Ltd. ... 

Hordern, Mason & Edwards, Ltd. 

Horstmann Gear Co. Ltd., The ... 


Hymatic Engineering Co. Ltd., The 
Ilford, Ltd. 


Ingham, Robert, Clark & Co. 
Integra, Leeds & Northrup, Ltd. ... 


lessop, Wm., & Sons, 
ee ic E., Ltd. 


Ltd. 


Jones, _ (Machine Tools), Ltd. 
Kaye, E. & E., Ltd. = 
Kearns, H. W., & Co. Ltd 


Keelavite Rotary Pumps & : Motors, 
Ltd. 


King, Geo. W., Ltd. : 

Kingsbury, Geo. & Co. (Machine 
Tools), Ltd. f ee ae 

Lang, Tohn & Sons, Ltd. ... 

Lang Pneumatic, Ltd. be = 

Lapointe Machine Tool Co. Ltd. 


Ley’s Malleable Castings Co. Ltd. 
Lincoln Electric Co, Ltd., The ... 
Lloyd, F. H. & Co. Ltd. ... oe 
Lloyd, Richard, Ltd. a 
Lodge Plugs, Ltd. .. 

London Oil Refining ‘Co. Ltd., The 
Lund, John, Ltd. ... 


M.H.H. Engineering Co. Ltd. 

Macready’s Metal Co. Ltd. 

Magnesium Elektron Co. Ltd. ... 

Manganese Bronze & Brass Co. Ltd. 

Marbaix, Gaston E., Ltd. ... 

Marbaix’ Industries, Ltd. ... 

Markland Scowcroft, Ltd. ... 

Marsden & Shiers, Ltd. 

Martonair, Ltd. aoe 

Maxam Power, Ltd. 

McGraw-Hill Publishing Co. Ltd. 

Metalworking Production ... 

Metropolitan-Vickers Electrical Co. 
Ltd. ~_ 

Midgley & Sutcliffe, ‘Ltd. ~ 

ee Mining & Manufacturing 
Co. sia hs s 

Mobil O Co. Ltd. 

Monks & Crane, Ltd. 

Morris, B. O., Ltd. ... 


Napier, D., & Son, Ltd. ... 
National Industrial Fuel Efficiency 


Service. 
Neill, James & Co. ' (Sheffield), Ltd. 


Newali, A. P., & Co. Ltd. ... 
Newall Engineering Co. 


Ltd. 





Impregnated Diamond Products, Ltd. 


Please note that all advertisement pages are prefixed with the letter “A”. 


Page 
A50 
482 
A78 
A21 


Outside Back Cuver 


A64 


A86 
ABI 
A66 


A63 
A32 


Al5 
A75 


A70 
A78 
A85 
A38 
A73 
AT74 
A86 


A54 
A19 


A65 
A86 


A43 


A30 
A84 












Page 
Newall Group Sales, Ltd. ... ov AAT 
New Conveyor Co. Ltd. ... pats A69 
Northern Aluminium Co. Ltd. ... — 
Norton Grinding Wheel Co. Ltd. -— 
Ofrex Group ae a — 
Osborn, Samuel, & Co. Ltd. Al2 
Park Gate Iron & Steel Co. Ltd. 


Inside Back Cover 
Parkinson, J., & Son (Shipley), Ltd. _- 
Paterson Hughes Eng. Co. Ltd. ... 


Philips Electrical, Ltd. - A55 
Pitman, Sir Isaac, & Sons, Ltd. —- 
Plannair, Ltd. ae ae A28 
Power Jacks, a, ... hee cai —- 
Precision Grinding, Ltd. eae — 
Pryor, Edward & Son, Ltd. ei -~ 
Rack Engineering, Ltd. ... A8 
Ratcliffe, F. S. (Rochdale), ‘Ltd. A84 
Rawlplug Co. Ltd., The ... A33 
Reavell & Co. Ltd. sae a5 A76 
—— Gear & Eng. Co. (Salford), 

Rockwell Machine Tool Co. Ltd. A29 
Rowland, F. E., & Co. Ltd. a _- 
Russell, S., & Sons, Ltd. ... ise - 
Ryder, Thos., & Son, Ltd. ... A67 
Sandvik Swedish Steels, Ltd. Al7 
Saville, J. J., & Co. Ltd. ... : Al5 
Scrivener, Arthur, Ltd. ... ee -- 
Selson Machine Tool Co. Ltd., The — 
Sentinel (Shrewsbury), Ltd. Bre A34 
Shell Chemical Co. Ltd. ... jae - 
Shell-Mex & B.P., Ltd. ... HS = 
Sheepbridge Equipment, Ltd. . -- 
Smart & Brown one Tools), 

Ltd. BS ; A58. 
Smith, C. & ‘B., Ltd. ; -- 
Smith, S. & Sons (England), Ltd. A31 
Snow & Co. Ltd. A39 
Société Genevoise, cai. “A24, A25 
Sogenique (Service), ed. ... ae -- 
Sparcatron ... ane an A87 
Sparklets, Ltd. A68 
Spencer & Halstead, ‘Ltd. A6: 
Square, D., Ltd. A27 
Sternol, Ltd. : A60: 
Sunbeam Anti- Corrosives, Ltd. — 
Swift, Geo., & Sons, Ltd. A49: 
Swift’ Summerskill, Ltd... — 
Sykes Machine Tool Co. Ltd., The 'A36, A37 
Sykes, W. E., A42 
Talbot Tool Co. Ltd., The 7 -- 
Taylor, Taylor & Hobson, Ltd. — 
Terry, Herbert, & Sons, Ltd. A53 
Town, Frederick & Sons, Ltd. -- 
aa. §.P. Tal). ;.. A80' 
Unbrako Socket Screw Co. ‘Ltd, . A10 
Universal Tools, Ltd. ne HG — 
Vacu-Blast, Ltd... Ne sins - 
Van Moppes & Son (Diamond 

Tools), Ltd. bg nad _ 
Vaughan Associates, Ltd. A51 
Wadkin, Ltd. . A74 
Wakefield-Dick Industrial Oils, Ltd. A41 
Ward, H. W., & Co. Ltd. .. ; A44 
Ward, Thos. 'W., Ltd. — Ye -—— 
Webster & Bennett, Ltd. A4 
West, Allen, & Co. Ltd. — 
Welsh Metal Industries, Ltd. Al6 
Wickman, Ltd. A40 


Wild-Barfield Electrical Furnaces, 
Ltd. i: a ee 
Woodhouse & “Mitchell A62 








All communications regarding advertisements should be addressed to the Advertising Managers, 


t-G: 


Printed by 


Maxwell, 


Scott & Son, Ltd., 





1 Clement’s Inn, London, W.C.2. Telephone: 
Love & Co. Ltd., 309-317 Borough High Street, 


HOLborn 4743. 
London, S.E.1. 















al 


A67 


Al17 
Al5 


A51 
A74 
A41 
A44 

A4 
Al6 
A40 


A59 
A62 


| PARK GATE 


| QUALITY STEELS 
FOR NUTS & BOLTS 











high tensile 








steel bars 





THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHAM 


A @ Company TELEPHONE : ROTHERHAM 2141 (10 lines) TELEGRAMS : YORKSHIRE. PARKGATE, YORKS 
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